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Field of invention 

The present invention relates to methods and compositions for initiation of as well as 
to methods of fermentation in a liquid composition comprising a fermentable 
compound. In particular the invention relates to methods and compositions for 
initiation of malo-lactic fermentation during wine production. 

Background of invention 

Wine contain L-malic acid in the range of 1 to 10 g/L The amount of malic acid de- 
pends largely on the climatic conditions. Hence, wines produced in colder areas 
tend to have a relative higher concentration. From a taste and flavour point of view 
malic acid is considered undesirable in most red wines and in several types of white 
wines and sparkling wines and from a practically/economically point of view malic 
acid is undesirable as it can support growth of bacteria in the wine after it has been 
bottled. 

During the alcoholic fermentation only a small part of the present malic acid is de- 
graded by the yeast. However, the content of malic acid in a wine may be effectively 
reduced by the so-called malolaclic fermentation (MLF) which normally occurs after 
completion of the alcoholic fermentation. The MLF results from the catabolic activity 
of various lactic acid bacteria, including species belonging to the genera of Lacto- 
baccilus, Pediococcus and Oenococcus. 

The bacteria may be present in the wine as part of the indigenous microbial flora or 
they may have been added as a bacterial starter culture. The only preferable bacte- 
ria species by winemakers is Oenococcus oeni, formerly known as Leuconostoc 
oenos. The catabolic phase is usually entered when the malolactically active bacte- 
ria during the growth phase has reached a population density of about 10 6 colony 
forming units (CFU) per ml in the wine. During the MLF the bacteria degrade the 
malic acid, a dicarboxylic acid, to lactic acid, a monocarboxylic acid. As a result of 
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this the acidity of the wine decreases and the pH increases, resuiting in a wine with 
softer palate. 

However, during the malolactic fermentation Oenococcus oeni also degrade the 
citric acid, which normally is present in the wine at a concentration of 0 3-0 9 g/L 
This degradation is often undesired as the wine loose some of its fruitiness which is 
appreciated in most wines. Another undesirad and unavoidable effect of the citric 
acid degradation by Oenococcus oen/during MLF is the production of acetic acid 
wh,ch ,s one of the end products from the citric acid degradation. The acetic acid ' 
concentration in the wine may increase with 0.1-0.3 g/L during the MLF. Acetic acid 
is h,ghly undesired as it gives the wine an unpleasant vinegar flavour at higher con- 
centrat.on and the winemaker use much attention to keep the acetic acid concentra- 
t,on .n the wine as low as possibie during the different winemaking steps. Besides 
the lactic acid bacteria the other sources of acetic acid in winemaking is yeast and 
acehc aod bacteria. An important intermediary compound in the metabolism of citric 
acd by Oenococcus oeni is diacetyl. When present at concentration above the sen- 
sory threshold, diacetyl gives the wine a buttery aroma which is undesired in most 
red wrnes. However, in some white wines, e.g. Chardonnay the aroma may be ap- 
predated. ' K 



Because the winemaker often prefer to exercise a greater degree of control over the 
malolacfc fermentation process it has become increasingly common practice in the 
wine .ndustry to induce the fermentation by use of commercially available concen- 
trated frozen or freeze dried starter cultures of Oenococcus oeni. which are inocu- 
lated directly into the wine without any prior re-hydration and activation steps The 
usefulness of a concentrated frozen or freeze dried culture which are inoculated 
d,rect into wine depends very much on the survival rate of the bacteria culture after 
the inoculation. The transition of the bacteria from a friendly propagation medium 
with high pH and high nutrition level to the hostile condition in wine with high ethanol 
concentration, low pH, low nutrition level, and presence of S0 2 is very stressful for 
the bacteria and may result in survival rates below 1% in the inoculated wine. 

Typically, the described propagation medium for lactic acid bacteria, including Oe- 
nococcus oeni, contain various nutrients such as vitamins, minerals, yeast extract 
and sugars. The amount of sugars in the media are normally within 20-50 g/L as 



P773 DKOO 

3 

higher concentrations of sugars are considered to strongly reduce or Inhibit the 
growth of lactic acid bacteria. In the prior art higher concentrations of sugars in the 
propagation medium have therefore been considered to be of no practically use or 
economically interest. 

5 

Freeze dried cultures of a strain of Oenococcus oenl, which do not ferment the citric 
acid in the wine during the malolactic fermentation, are commercially available. 
There are several advantages in using this strain for malolactic fermentation in wine. 
The fruitiness of the wine is conserved, there is no production of acetic acid during 

10 the malolactic fermentation and there is no production of the buttery flavour, diace- 
tyl. However, the commercial cultures of this strain on the market can not be used 
for direct inoculation into wine as this results in a survival rate which are of no prac- 
tical use. According to the commercial application manuals of the products the 
freeze dried cultures needs rehydration and an adaptation procedure involving sev- 

15 eral steps before the bacteria can be inoculated into wine. The first step may Involve 
dissolving the freeze dried product in 5 L of half water, half grape juice or wine 
added different nutrition. After 5-7 days incubation the pre-culture is diluted with 20- 
200 L wine which is incubated for another 2-12 days, before the final inoculation into 
the production tank with wine. The adaptation steps are very time and labour con- 

20 suming for the winemaker as he has to follow the adaptation steps carefully, and 
there is a high risk for contamination with spoilage bacteria and yeast as the adap- 
tation steps under the practical conditions in the wineries can not be conducted un- 
der sterile conditions. 

25 In WO 9320180 is disclosed a method for inducing malolactic fermentation in wine 
or fruit juice by the direct inoculation of a concentrate of a starter culture containing 
a selected malolactically active bacteria strain having a survival rate of at least 80 % 
when introduced into a wine having a pH of 3.2 or lower and containing at least 25 
mg S0 2 per L and at least 12 vol % ethanol, and capable of starting malolactic fer- 

30 mentation when added directly to the wine or fruit juice at a concentration of less 

than 10 7 colony forming units per ml. Said bacteria strain is also capable of degrad- 
ing citric acid. The document clearly indicates that the bacteria strains ability to sur- 
vive the direct inoculation into wine is linked to the genetic of the strain selected. 
According to the disclosure the selected bacteria strains are propagated according 

35 to processes which are well-known in the art. 
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In US 6,284,518 B1 is disclosed a media for propagation of different lactic acid 
bacteria species, including Oenococcus oenL According to the disclosure a key 
feature of the invention is the use of a fructose/glucose mixture where fructose is the 
primary carbohydrate source. Fructose/glucose mixtures containing between 3% to 
about 45% glucose can be employed, preferably the amount is between 5% and 
about 40% glucose. Most preferable, the amount is less then 20% of the mixture. In 
the disclosed media, as biomass growth occurs, the pH is allowed to drop. The 
amount of carbohydrate source in the disclosed medium is between 30 g/L to 60 
g/L. They document describes that 10 6 -10 7 bacteria/ml are inoculated into the me- 
dium and the bacteria are then propagated for 6-8 days before the bacteria can be 
inoculated into wine. 

In US 4,562,077 is disclosed a method for the reduction of malic acid to lactic acid in 
wine which comprises the inoculation of a culture concentrate into non-sterile fruit 
jutoe containing a nitrogen source to provide about 10 7 to 10 10 bacteria per ml- After 
this activation step the mixture of fruit juice and bacteria are introduced into wine or 
grape must to produce wine having a reduced malic acid content. The activation 
conditions disclosed are an activation period of 48 to 72 hours at 18°C to 25°C. 

Summary of invention 

It is therefore an object of the present invention to provide improved methods of in- 
ducing specific fermentation processes in a liquid composition. * 

Hence, in one aspect the present invention relates to induction of specific fermenta- 
tion processes in a liquid composition comprising at least one fermentable com- 
pound as well as to microbial organisms for use in said methods. 

In particular the present invention provides, compared to known methods, a signifi- 
cant improved method of inducing malolactic fermentation in wine or fruit juice with- 
out the concomitant degradation of citric acid, production of acetic acid, and produc- 
tion of diacetyl herein within a short period of time by inoculation wine or a fruit juice 
directly with a concentrated culture composition of malolacticaUy active and non- 
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citric acid fermenting bacteria at an economically feasible concentration and ac- 
cordingly, to avoid the tediously, risky and costly processes of re-hydration, activa- 
tion, and adaptation which are currently required with commercial malolactically non- 
citric acid fermenting starter cultures. 

Also, the present invention provides, compared to known methods, a significant im- 
proved method of inducing malolactic fermentation in wine or fruit juice within a short 
period of time by inoculation wine or a fruit juice with a specially activated concen- 
trated culture solution of malolactically active and citric acid or non-citric acid fer- 
menting bacteria at an economically feasible concentration and accordingly, to avoid 
the lag and dead phase observed when commercial dry malolactic starter cultures 
are inoculated directly into wine and also to significantly improve the tediously, risky 
and costly processes of re-hydration, activation, and adaptation which are currently 
required with commercial malolactic starter cultures not suitable for direct inoculation 
into wine. 

It is therefore a first objective of the present invention to provide isolated and purified 
microbial organisms, wherein said microbial organisms are capable of fermenting 
malic acid to lactic acid, 

and wherein said microbial organism when placed in a medium containing a 
predetermined amount of citric acid is only capable of degrading at the most 
80% of said citric acid, 

and wherein the microbial organism has at least one of the following character- 
istics, when said microbial organism in a frozen or freeze dried state is added di- 
rectly into a fermented fruit juice: 

i) a survival rate which is at least 1 % after two days at 23°C in a fer- 
mented sterile fruit juice with a pH of less than 4 and comprising at 
least 12 vol% ethanol 

ii) a survival rate which is at least 70% after two days at 17°C in a fer- 
mented sterile fruit juice with a pH of less than 4 comprising at least 
13.9 vol% ethanol 
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Hence, said microbial organism may be added directly into for example a fermented 
fruit juice during wine production without any previous adaptation. It is in general 
laborious to adapt bacteria to growth in fermented fruit juice and there is a high risk 
of contamination using the conventional adaption procedure, in particular in a nor- 
mal winery where the adaptation frequently cannot be done under sterile conditions. 

It is also an objective of the present invention to provide a concentrate comprising or 
consisting of said microbial organism(s), wherein said concentrate has a content of 
colony forming units being in the range of 10* to 10 12 per g. 

It is a second objective of the present invention to provide methods of preferentially 
degrading malic acid over citric acid in a liquid composition comprising malic acid 
and citric acid, said methods comprising the steps of 

i) Providing a liquid composition comprising malic acid and citric acid; 

ii) Providing a microbial organism capable of fermenting malic acid to 
lactic acid, wherein said microbial organism when placed in a me- 
dium containing a predetermined amount of citric acid is only capable 
of degrading at the most 80% of said citric acid, and wherein said mi- 
crobial organism has been frozen or freeze dried, 

iii) Adding said freeze dried or frozen microbial organism directly to said 
liquid composition 

iv) incubating said liquid composition and said microbial organism under 
conditions which allow degradation of at least 70% of the malic acid, 

v) thereby obtaining a final liquid composition comprising less than 30% 
of the initial malic acid and at least 20% of the initial citric acid. 

Preferably said microbial organism has at. least one of the characteristics outlined 
hereinabove. 

It is a third objective of the present invention to provide methods of inducing malo- 
lactic fermentation during wine production, comprising the steps of 

i) Providing a grape juice or a fermented grape juice 
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ii) Providing a microbial organism capable of fermenting malic acid to 
lactic acid, wherein said microbial organism when placed in a me- 
dium containing a predetermined amount of citric acid is only capable 
of degrading at the most 80% .of said citric acid, 

iii) Incubating said grape juice or fermented grape juice with said micro- 
bial organism under conditions which allow degradation of malic acid, 

iv) thereby inducing malolactic fermentation 

Preferably said microbial organism has at least one of the characteristics outlined 
herein above. 

It is another objective of the present invention to provide methods of producing the 
microbial organism described herein above, wherein said method comprises the 
steps of 

i) Providing a microbial organism resistant to a pH betow 5 and an 
ethanol concentration of at least 8%, 

ii) Subjecting said microbial organism to mutagenesis; thereby obtaining 
more than one different mutated microbial organism 

iii) Selecting mutated microbial organisms capable of fermenting malic 
acid to lactic acid, wherein said microbial organism when placed in a 
medium containing a predetermined amount of citric acid is only ca- 
pable of degrading at the most 80% Of said citric acid, and wherein 
the microbial organism has at least one of the following characteris- 
tics, when said microbial organism in a frozen or freeze dried state is 
added directly into a fermented fruit juice: 

a) a survival rate which is at least 1 % after two days at 23°C in a 
fermented sterile fruit juice comprising at least 12 vol% ethanol; 

b) a survival rate which is at least 70% after two days at 1 7°C in a 
fermented sterile fruit juice comprising at least 13.9 vol% etha- 
nol 

It is a further objective of the present invention to provide methods of preparing a 
freeze-dried microbial organism capable of fermenting malic acid to lactic acid, 
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which has reduced citric acid degrading activity and which is capable of survival 
after direct inoculation into fermented fruit juice, said method comprising the steps of 

0 Providing a microbial organism capable of fermenting malic acid to 
lactic acid, wherein said microbial organism when placed in a me- 
dium containing a predetermined amount of citric acid is only capable 
of degrading at the most 80% of said citric acid, 
ii) Providing an adaptation medium comprising at least 6% sugar 
i«) Propagating said microbial organism in said adaptation medium un- 
der conditions allowing growth of said microbial organism 

iv) Harvesting said microbial oiganism 

v) Freeze-drying said microbial organism 

It is a still further objective of the present invention to provide an activation solution 
comprising 

i) A nitrogen source 

ii) In the range of 60 to 1 40 g sugar per L 

Hi) In the range of 5 x 10 8 and 5 x 10 10 colony forming units per ml of a 
microbial organism capable of fermenting at least one fermentable 
compound 

Said activation solution is useful for adapting freeze-dried or frozen microbial or- 
gans to growth in liquid solutions with a pH below 5 and/or an alcohol content 
above 10%. When using this adaptation solution, the adaptation procedure is much 
faster and easier to handle compared to conventional adaptation procedures. 

It is an even further objective of the present Invention to provide a dry activation 
composition, wherein in the range of 80 to 200 g of said dry activation composition 
comprises 

I) a nitrogen source 

ii) In the range of 60 to 1 40 g sugar 

Hi) In the range of 5 x 10" and 5 x 10 13 colony forming units of a micro- 
bial organism capable of fermenting a fermentable compound, 
wherein addition of 1 L water to said dry activation compositions results in an 
activation solution as described above. 
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It is yet another objective of the present invention to provide methods of inducing 
fermentation in a liquid composition comprising a fermentable compound comprising 
the steps of 

i) Providing a dry activation composition as described herein above, 
wherein the composition comprises a microbial organism capable of 
fermenting said fermentable compound 

ii) Adding water to said dry composition, thereby obtaining an activation 
solution 

iii) Incubating said activation solution for an activation time under activa- 
tion conditions 

iv) Providing a liquid composition comprising said fermentable com- 
pound 

v) Inoculating said liquid composition with said activation solution 
Thereby inducing fermentation in said liquid composition 



vi) 



Description of Drawings and Tables 

Figure 1. Main pathways for the citric acid metabolism by Oenococcus oeni 



Figure 2. Sugar concentration and growth of the selected non-citric acid fermenting 
mutant strain Oenococcus oeni DSM 15571 in the cultivation and adaptation me- 
dium as a function of time. The cultivation was conducted at constant pH 4.5 and 



Figure 3. Number of viable bacteria in experimental wine inoculated directly with 
freeze dried samples of the selected non-citric acid fermenting strain Oenococcus 
oeni DSM 1 5571 and kept at 23°C. The sample A. B. C. and D were harvested from 
the cultivation and adaptation medium after 27, 35, 40. and 45 hours respectively 
(Fig. 2), followed by concentration and freeze drying before inoculation into the ex- 
perimentai wine. 
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Figure 4. Degradation of malic and citric acid, production of acetic acid, and CFU/ml 
of active bacteria in experimental wine after direct inoculation with freeze dried com- 
position of the non-citric acid fermenting mutant strain Oenococcus oeni DSM 
15571 . The experiment was conducted at 23°C. 

Figure 5. Degradation of malic acid and citric add, production of acetic acid, and 
CFU/ml of active bacteria in Pinot Noir wine (13.8 vol% ethanol, pH 3.54, 30 ppm 
SO? added at crush) from Russian River, California, after direct inoculation with 
freeze dried compositions of the selected non-citric acid fermenting Oenococcus 
oeni strain DSM 15570, strain DSM 15569, and strain DSM 15571. For comparison, 
the commercial product Viniflora oenos from Chr. Hansen A/S, Denmark, which 
contain a normal citric acid fermenting Oenococcus oeni strain (DSM 7008), was 
included in the experiment. The experiment was conducted in 250 L oak barrels at 
18°C. 

Figure 6. Degradation of malic acid and citric acid, production of acetic acid, and 
CFU/ml of active bacteria in Pinot Noir wine (13.9 vol% ethanol, pH 3.57, no S0 2 
added at crush) from Sonoma, California, after direct inoculation with freeze dried 
composition of the non-citric acid fermenting Oenococcus oeni strain DSM 15570, 
strain DSM 15569, and strain DSM 15571. For comparison, the commercial freeze 
dried product Viniflora oenos from Chr. Hansen A/S, Denmark, which contain a 
normal citric acid fermenting Oenococcus oeni strain (DSM 7008), was included in 
the experiment. The experiment was conducted in 250 L oak barrels at 17°C. 



Figure 7. Total glucose + fructose, pH, and number of viable bacteria of the normal 
citric acid fermenting Oenococcus oeni strain DSM 15568 as a function of time in 
the activation composition solution incubated at 23°C. The activation composition 
solution was prepared by the addition of water to the dry activation composition de- 
scribed in the text. 

Figure 8. Number of viable bacteria and malic acid concentration in the experimental 
wine inoculated with activated samples of the normal citric acid fermenting strain 
Oenococcus oeni DSM 15568 and kept at 23°C. The activated samples, named 1, 
2 t 3, and 4 were harvested from the bacteria activation composition solution after 
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respectively 4. 8. 19 and 46 hours of activation (Fig. 7). Included in the experiment 
was also the direct inoculation of freeze dried Oenococcus oeni DSM 15568. 

Figure 9. Number of viabie bacteria and malic acid concentration in the experimen- 
tal wine inoculated with activated sampies of the seiected non-citric acid fermenting 
strain Oenococcus oeniDSM 15569, and kept at 20°C. The activated samples 
named 1. 2, 3, and 4 were harvested from the bacteria activation composition solu- 
tion described in the text after respectively 8, 16, 24 and 38 hours of activation In- 
cluded in the experiment was also the direct inoculation of freeze dried Oenococcus 
oeniDSM 15569. 

Figure 1 0. Number of viable bacteria and malic acid concentration in Chardonnay 
w.ne from California inoculated with the commercial product Vinflora oenos from 
Chr. Hansen A/S, Denmark, which contain Oenococcus oeni strain DSM 7008 The 
freeze dried product was either inoculated directly into the experimental wine as 
recommended by the producer, or inoculated after 24 hours activation in the activa- 
tion composition solution described in the text The wine was kept at 24°C. 

Table 1. Data for sample A, B, C. and D sampled during the propagation of the se- 
lected non-citric acid fermenting mutant strain Oenococcus oeni DSM 1 5571 in the 
cultivation and adaptation medium shown in Fig. 2. 

Table 2. Survival rates of the selected non-citric acid fermenting mutant strain Oe- 
nococcus oeni DSM 1 5571 in the experimental wine measured 2 days after inocula- 
t.on of the freeze dried samples A. B. C, and D (Fig. 3). The survival rate was call 
culated as the % of the inoculated bacteria which was alive day 2 in the wine 



Tab.e 3. Data for sample 1, 2. 3. and 4 sampled during the activation of the normal 
ctnc add fermenting strain Oenococcus oeni DSM 15568 in the activation composi- 
tion solution (Fig. 7). 

Table 4. Survival nates of the norma, citric acid fermenting strain Oenococcus oeni 
DSM 15568 in the experimental wine measured 2 days after inoculation of the acti- 
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vated bacteria samples 1. 2, 3, and 4 (Figure 8). The survival rate was calculated as 
the % of the inoculated bacteria which was alive day 2 in the wine. 



Definitions 

Activation or adaptation of microbial organisms: Both terms refer to methods 
involving placing a microbial organism under conditions that allow for the physiologi- 
cal changes necessary in order for said microbial organism to survive and grow in a 
new liquid composition with harsh conditions. In particular, activation or adaptation 
cover placing a freeze-dried, frozen or otherwise preserved microbial organism in a 
medium for a specific time period that allow said physiological changes, before said 
microbial organism is placed in a new liquid composition with harsh conditions. 
Harsh conditions may for example be low pH, high ethanol content or a mixture of 
both. 



Directly: The term "added directly to" is meant to encompass that the compound, 
i.e. the frozen or freeze-dried microbial organism is added directly to the liquid 
composition in the frozen or freeze-dried state without any preceding adaptation, 
activation and/or expansion. 

Ethanol content: the ethanol content is always indicated as volume percent (vol%) 
unless otherwise specifically indicated, hence an ethanol content of x% refers to x 
vol% ethanol. 

Frozen: The microbial organism is frozen when it is stored at a temperature below 
0-C. The microbial organism may be frozen according to any conventional protocol. 
In general the microbial organism is frozen by mixing said microbial organism with 
suitable cryoprotectants such as glycerol, gelatine or Na-caseinate and incubating 
the mixture at a temperature below 1 8°C. 

Freeze dried: Freeze-drying a microbial organism involves freezing said microbial 
organism generally in the presence of a suitable cryoprotectant, and subsequently 
removing trapped ice by reducing the pressure and causing it to sublime. The mi- 
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crobial organism according to the present Invention may be freeze dried using any 
conventional method known to the person skilled in the art. For example any of the 
methods described in "Fundamentals of Freeze Drying, J. D. Mellor,1978 f Academic 
Press, 

Detailed description of the invention 

Microbial organisms capable of fermenting malic acid 

In one aspect the present invention relates "to microbial organims capable of fer- 
menting malic acid to lactic acid. Preferably, said microbial organism when placed 
in a medium containing a predetermined amount of citric acid is only capable of de- 
grading at the most 80% of said citric acid. Even more preferably, the microbial or- 
ganism is only capable of degrading at the most 70%, such as 60%, for example 
50%, such as 40%, for example 30%, such as 25%, for example 20%, such as 15%, 
for example 12%, such as 10% of said citric acid. Hence, it is preferred that the mi- 
crobial organism is only capable of degrading in the range of 0 to 50%, more pref- 
erably 0 to 40%, even more preferably 0 to 30%, yet more preferably 0 to 20% of 
said citric acid. It is furthermore preferred that the microbial organism is only capable 
of degrading at the most 50%, more preferably at the most 40%, even more pref- 
erably at the most 30%, yet more preferably at the most 20%, even more preferably 
at the most 10% of said citric acid within for example 3 weeks, more preferably 
within 2 weeks, such as within 1 3, for example 1 2, such as 1 1 . for example 1 0 days. 

Preferably, the microbial organism when placed in a liquid composition comprising a 
predetermined, amount of malic acid is capable of degrading at least 30%, such as 
50%, for example 70%, such as 80%, at least 90%, for example at least 95% of said 
malic acid. Preferably, the microbial organism is capable of degrading in the range 
of 70 to 100%, more preferably in the range of 80 to 100%, even more preferably in 
the range of 90 to 100% of said malic acid. 

More preferably, the microbial organism when placed in a liquid composition com- 
prising a predetermined amount of malic acid is capable of fermenting at least 30%, 
such as 50%, for example 70%, such as 80%, at least 90%, for example at least 
95% of said malic acid to lactic acid. 
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Sa.d degradation of malic acid preferably is completed within at the most 1 month 
preferably within at the most 3 weeks, more preferably within at the most 2 weeks, 
such as 1 3. for example 12. such as 1 1 . for example 10. such as 9 days. 

The liquid composition comprising said predetermined amount of malic acid and/or 
citric acid furthermore preferably comprises one or more of the following parameters 

• preferably a pH in the range of 2 to 7, preferably in the range of 3 to 6. more 
preferably in the range of 3 to 5. even more preferably in the range of 3 to 4. 
for example in the range of 3.1 to 3.8. such as in the range of 3.2 to 3.6. for 
example around 3.4; and/or 

• preferably an ethanol content of more than 10%. preferabl more than 1 1 %. 
such as more than 12%, preferably an ethanol content in the range of 10 to 
14%. such as in the range of 10.5 to 1 3.5%. for example in the range of 1 1 
to 13%. such as in the range of 11.5 to 12.5%. for example around 10%. 
such as around 10.5%, for example around 11%. such as around 11.5%. for 
example around 12%. such as around 12.5%. for example around 13%, 
such as around 1 3.5%, for example around 1 3.9% and/or 

. preferably in the range of 0.1 to 30 g/L sugar, more preferably in the range 
of 0.5 to 25 g/L. even more preferably in the range of 1 to 20 g/L. such as in 
the range of 1 to 15 g/L. for example in the range of 1 to 10, such as in the 
range of 2 to 9. such as in the range of 3 to 8, such as in the range of 4 to 6, 
for example around 5 g/L sugar and/or 

• preferably in the range of 1 to 50 g/L. more preferably in the range of 1 to 25 
g/L, even more preferably in the range of 1 to 10 g/L. for example in the 
range of 2 to 8 g/L. such as in the range of 2 to 6 g/L. for example in the 
range of 3 to 4 g/L. such as around 3.3 g/L of malic acid and/or 

• preferably in the range of 1 to 5000 mg/L, more preferably in the range of 10 
to 2500 mg/L, even more preferably in the range of 100 to 1000 mg/L. for 
example in the range of 200 to 800 mg/L. such as in the range of 300 to 600 
mg/L. for example in the range of 400 to 500 mg/L, such as around 450 
mg/L of citric acid. 
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It is preferred that said microorganism is incubated with said fermented fruit juice at 
a temperature of in the range of 15 to 30°C, such as in the range of 20 to 25-C. for 
example around 23°C. 

Preferably, the microbial organism is capable of degrading malic acid and/or citric 
acid as indicated herein above when said organism is present at a concentration of 
CFUs (colony forming units) in the range of 1 x 10 3 to 5 x 10 12 per ml, preferably in 
the range of 1 x 10* to 5 x 10 10 per ml, more preferably in the range of 1 x 10 s to 5 x 
10 8 per ml, for example in the range of 1 x 10 6 to 5 x 10 7 per ml. 

In one preferred embodiment of the present invention the microbial organism is ca- 
pable of reducing malic acid within 9 days to less than 1 g/L, such as less than 0.5 
g/L. for example less than 0,1 g/L, when incubated at a temperature of approxi- ' 
mately 23"C, when said microbial organism is added directly in a frozen or freeze 
dried state to a fermented fruit juice at a concentration of CFUs in the range of 1 x 
10 6 to 5 x 10 7 , wherein said fermented fruit juice is prepared by yeasting a sterile 
fruit juice without added sulphite resulting in a fermented fruit juice having an etha- 
nol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar. 3.3 g/L of malic acid, 
and 450 mg/L of citric acid. 

Furthermore, it is preferred that the microbial organism reduces the citric acid con- 
tent by less than 50%. such as less than 20%, for example less than 10% within 10 
days, when incubated at a temperature of approximately 23°C, when said microbial 
organism is added directly in a frozen or freeze dried state to a fermented fruit juice 
at a concentration of CFUs in the range of 1 x 10 6 to 5 x 10 7 per ml, wherein said 
fermented fruit juice is prepared by yeasting a sterile fruit juice without added sul- 
phite resulting in a fermented fruit juice having an ethanol content of 12.0 vol%, pH 
3.4, below 5 g/L residual sugar, 3.3 g/L of malic acid, and 450 mg/L of citric acid. 

The microbial organism according to the present invention preferably has at least 
one of the following characteristics, when said microbial organism in a frozen or 
freeze dried state is added directly into a fermented fruit juice: 
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0 a survival rate which is at least 1 % after two days at 23°C in a fer- 
mented sterile fruit juice with a P H of less than 4 and comprising at 
least 12 vol% ethanol 

ii) a survival rate which is at least 70% after two days at 1 7°C in a fer- 
mented sterile fruit juice with a pH of less than 4 comprising at least 
13.9 vol% ethanol 



Preferably, the survival rate is at least 5%, such as at least 10%. for example at 
least 15%, such as at least 20%, for example at least 25%. such as at least 30% 
for example at least 35%. such as at least 40%, for example at least 45%, such as 
at least 50%. for example at least 55%. such as at least 60%. for example at least 
65%. such as at least 70%, for example at least 75%, such as at least 80% after two 
days at 23°C in a fermented sterile fruit juice with a pH of less than 4, preferably in 
the range of 3 to 4. for example in the range of 3.1 to 3.8, such as in the range of 3 2 
to 3.6. for example around 3.4 and comprising at least 12 vol% ethanol, preferably 
around 1 2 vol% ethanol. 

In one embodiment of the invention the microbial organism has a survival rate which 
.s at least 1 %. for example at least 5%. such as at least 10%. for example at least 
15%, such as at least 20%, for example at least 25%, such as at least 30%. for ex- 
ample at least 35%, such as at least 40%. for example at least 45%. such as at 
least 50%, for example at least 55%. such as at least 60%, for example at least 
65%, such as at least 70%, for example at least 75%, such as at least 80% after two 
days at 23°C, when added directly to a wine prepared by yeasting a sterile grape 
frurt juice without added sulphite, said wine having an ethanol content of 12.0 vol% 
PH 3.4. below 5 g/L residual sugar. 3.3 g/L of malic acid, and 450 mg/L of citric acid. 

In another embodiment of the present invention the survival rate is preferably at 
least 70%. more preferably at least 75%. for example at least 80%. such as at least 
85%, for example at least 90% after two days at 17"C in a fermented sterile fruit 
juice with a P H of less than 4. preferably in the range of 3 to 4, for example in the 
range of 3.1 to 3.8, such as in the range of 3.2 to 3.6. for example around 3 4 
wherein the fermented sterile fruit juice comprises at least 13.9 vol% ethanol. pref- 
erably around 13.9 vol% ethanol. 
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In another embodiment of the invention the microbial organism has a survival rate 
which is in the range of 70% to 100%, more preferably at least 75%, for example at 
least 80%, such as at least 85%, for example at least 90% after two days at 18°C, 
when added directly into a wine prepared with 30 ppm S0 2 added before the alco- 
holic fermentation, said wine having an ethanol content of 13.8 vol%, pH 3.5, 1 .3 g/L 
malic acid, and 340 mg/L of citric acid. 

In yet another embodiment of the present invention the microbial organism has a 
survival rate which is at least 80%, such as at least 85%, for example at least 90% 
after two days at 17°C, when added directly to a wine prepared without S0 2 added, 
said wine having an ethanol content of 13.9 vol%, pH 3.6, 1.7 g/L malic acid, and 
320 mg/L of citric acid. 

The microbial organism according to the present invention is preferably resistant to 
one or more different bacteriophages, more preferably the organism is in general 
resistant to bacteriophages. 

Furthermore it is preferred that the microbial organism retains its characteristics 
during propagation and concentration, i.e. it is preferred that the microbial organism 
retains its capability of survival, of degrading malic acid and/or citric acid as de- 
scribed herein above during propagation and concentration. Preferably, the micro- 
bial organism retains it characteristics after 10, such as after 20, for example after 
30, such as after 40, such as after 50, for example after 60, such as after 70, for 
example after 80, such as after 90, for example after IGOpopulation doublings. It is 
preferred that the microbial organism retains it characteristics after concentration as 
described herein below. 

In one preferred embodiment of the present invention the microbial organism is a 
bacterial strain, more preferably the microbial organism is a bacterial strain belong- 
ing to the Oenococcus family, even more preferably, the microbial organism is an 
Oenococcus oeni strain. For example the microbial organism may be selected from 
the group consisting of strains deposited under the accession numbers DMS 15569, 
DMS 15570, and DSM 15571. 
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Concentrate of microbial organisms 

in one aspect the present invention relates to a concentrate of microbial organisms 
comprising or consisting of any of the above mentioned microbial organisms 
wherein said concentrate has a content of colony forming units being in the range of 
1O 0 to1O 12 perg. 

The concentrate may be prepared by any conventional method, for example the 
concentrate may be prepared by centrifugation, such as by centrifugation of a liquid 
composition comprising the microbial organisms according to any protocol known to 
the person skilled in the art. For example the liquid composition may be centrifuged 
at in the range of centrifugation 2000 to 10,000 g, such as in the range of 3000 to 
9000m for example in the range of 4000 to 8000, such as in the range of 5000 to 
7000. for example around 6000 g for in the range of 1 to 120 minutes, for example 
for in the range of 5 to 60 minutes, such as for around 20 minutes. It is also com- 
prised within the present invention that the concentrate may be prepared using more 
advanced centrifugation methods, for example methods involving use of different 
centrifugational forces or by using centrifuges allowing the liquid composition to be 
added continuously and the eluate to be harvested continuously, Said liquid compo- 
sition is in general a cultivation medium. 

Prior to preparation of the concentrate the microbial organisms may have been culti- 
vated in any conventional medium known to the person skilled in the art. 

However, in one.preferred embodiment of the invention, the microbial organism has 
been cultivated in any of the adaptation media described herein below, said adapta- 
tion medium comprising at least 6% sugar. Preferably, said adaptation medium 
comprises at least 5% glucose and/or 5% fructose or at least 3% glucose and at 
least 3% fructose. Preferably microbial organism has been incubated in said adap- 
tion medium for at least 12 hours, such as at least 24 hours, for example around 
48 hours prior to harvest by for example centrifugation. 

The harvested microbial organisms may in one embodiment of the invention be 
m.xed with any suitable cryoprotectants. for example glycerol, gelatine. Na- 
caseinate or sucrose and stored frozen at a temperature in the range of -90°C to 
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0°C, for example at around -80°C or around -20'C. Hence, the concentrate may in 
one embodiment comprise frozen microbial organisms. 

It is also comprised within the present invention that the harvested microbial organ- 
isms may be dried by for example air drying, spray drying, freeze drying, drum dry. 
mg or dried using a tray drier, ring-dryer, fluid-bed dryer or vacuum-band dryer. 
Drying may be done using any suitable protocol known to the person skilled in the 
artHence, the concentrate may in one embodiment comprise dried microbial or- 
ganisms, such as freeze-dried microbial organisms. 

In one embodiment the harvested microbial organisms are freeze dried. Freeze 
drying may be done according to any suitable protocol known to the person skilled In 
the art, for example according to any of the protocols described in "Fundamentals of 
Freeze Drying", J. D. Mellor.1978, Academic Press. 

Preferential degradation of malic acid over citric acid 

In one aspect the present invention relates to methods of preferentially degrading 
malic acid over citric acid in a liquid composition comprising malic acid and citric 
acid, said method comprising the steps of 

0 Providing a liquid composition comprising malic acid and citric acid; 
il) Providing any of the microbial organisms described herein above, 
wherein said microbial organism has been frozen or freeze dried ac- 
cording to any conventional protocol. 

Adding said freeze dried or frozen microbial organism directly to said 
liquid composition 

iv) incubating said liquid composition and said microbial organism under 
conditions which allow degradation of at least 70% of the malic acid, 

v) thereby obtaining a final liquid composition comprising less than 30% 
of the initial malic acid and at least 20% of the initial citric acid. 

The liquid composition may in one preferred embodiment of the invention be fruit 
juice or fermented fruit juice, preferably grape juice or fermented grape juice, such 
as wine, for example red wine, white wine, rose or sparkling wine. 



Hi) 
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The liquid composition preferably has a pH in the range of 2 to 5, such as 3 to 4, for 
example around 3.4. 

Furthermore, the liquid composition preferably comprises in the range of 5 to 15 
vol% ethanol, such as 10 to 14 vol% ethanol, for example 1 1 to 14 vol%, such as 12 
to 14 vol%, for example at least 12 vol% ethanol. 

It is also preferred that the liquid composition comprises in the range of 0.1 to 30 g/L 
sugar, more preferably in the range of 0.5 to 25 g/L, even more preferably in the 
range of 1 to 20 g/L, such as in the range of 1 to 15 g/L, for example in the range of 
1 to 10. such as in the range of 2 to 9, such as in the range of 3 to 8. such as in the 
range of 4 to 6. for example around 5 g/L sugar. More preferably, the liquid compo- 
sition comprises less than 10 g/L, such as less than 7 g/L, for example less than 5 
g/L sugar. 

It is furthermore preferred that the liquid composition comprises in the range of 1 to 
50 g/L, preferably 1 to 25 g/L, even more preferably in the range of 1 to 10 g/L, for 
example in the range of 2 to 8 g/L, such as in the range of 2 to 5 g/L, for example in 
the range of 3 to 4 g/L. such as around 3.3 g/L malic acid. 

It is also preferred that the liquid composition comprises in the range of 1 to 5000 
mg/L. more preferably in the range of 10 to 2500 mg/L, even more preferably in the 
range of 100 to 1000 mg/L. for example in the range of 200 to 800 mg/L, such as in 
the range of 300 to 600 mg/L. for example in the range of 400 to 500 mg/L. such as 
around 450 mg/L of citric acid. Preferably, the liquid composition comprises in the 
range of 50 to 2000 mg/L. such as 100 to 1000 mg/L, for example 200 to 800 mg/L, 
such as 400 to 500 mg/L citric acid. 

It is preferred that the final liquid composition comprises at least 50%, preferably at 
least 60%, more preferably at least 70%, for example at least 75%. such as at least 
80% of the initial citric acid. 
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It is furthermore preferred that the finial liquid composition comprises less than 20% 
preferably less than 1 5%, such as less than 10%. for example less than 5% of the ' 
initial malic acid. 

The microbial organism is preferably added at a concentration of CFUs in the range 
of 1 x 10 3 to 5 x 10 12 per ml. preferably in the range of 1 x 10 4 to 5 x 10 10 per ml 
more preferably in the range of 1 x 10 s to 5 x 10° per ml. for example in the range of 
1 x 10 to 5 x 10' per ml. More preferably, the microbial organism is added at a con- 
centration less than 5 x 10' CFU per ml of the liquid composition, such as at a con- 
centration of in the range of 1 x 10* to 5 x 10' CFUs per ml of the liquid composition. 

The conditions comprises incubation at a temperature in the range of 5 to 40°C, for 
example 15 to 30°C, such as in the range of 17 to 23°C. 

Induction of matolactic fermentation 

The present invention also relates to methods of inducing malolactic fermentation, 
comprising the steps of 

0 Providing a liquid composition comprising malic acid 

B) Providing a microbial organism, which may be any of the microbial 

organisms described herein above. 
Hi) Incubating said liquid composition with said microbial organism under 

conditions which allow degradation of malic acid, 
iv) thereby inducing malolactic fermentation 

The liquid composition is in one preferred embodiment a fruit juice, such as a fer- 
mented fruit juice. For example, the liquid composition may be a grape fruit juice a 
fermented grape fruit juice or a wine. The wine may for example be selected from 
the group consisting of red wines, white wines and sparkling 



wines. 



Preferably, the microbial organism is in a frozen or freeze-dried state. The methods 
thus preferably comprises that the microbial organism in a frozen or freeze-dried 
state is added directly to the liquid composition, for example to the grape juice or a 
fermented grape juice. 
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The microbial organism is preferably added to the liquid composition at a concentra- 
tion of CPUs in the range of 1 x 10 3 to 5 x 10" per ml, preferably in the range of 1 x 
10 to 5 x 10 10 per ml, more preferably in the range of 1 x 10 s to 5 x 10 8 per ml for 
example in the range of 1 x 10* to 5 x 10' per ml. More preferably, the microbial or- 
ganism is added at a concentration less than 5x10' CFU per ml of the liquid com- 
position, such as at a concentration of in the range of 1 x 1 0 6 to 5 x 1 0 7 CFUs per ml 
of the liquid composition. 

The liquid composition, for example the grape juice or a fermented grape juice pref- 
erably has a pH in the range of 2 to 5. such as 3 to 4. for example around 3.4. 

Furthermore, the liquid composition such as the grape juice or a fermented grape 
ju.ce preferably comprises in the range of 5 to 15 vol% ethanol, such as 10 to 14 
vol% ethanol. for example 1 1 to 14 vol%, such as 12 to 14 vol%, for example at 
least 12 vol% ethanol. 

It is also preferred that the liquid composition, such as the grape juice or a fer- 
mented grape juice comprises in the range of 0.1 to 30 g/L sugar, more preferably in 
the range of 0.5 to 25 g/L, even more preferably in the range of 1 to 20 g/L, such as 
.n the range of 1 to 15 g/L. for example in the range of 1 to 10. such as in the range 
of 2 to 9, such as in the range of 3 to 8, such as in the range of 4 to 6. for example 
around 5 g/L sugar. More preferably, the liquid composition comprises less than 10 
g/L. such as less than 7 g/L. for example less than 5 g/L sugar. 

It is furthermore preferred that the liquid composition such as the grape juice or a 
fermented grape juice comprises in the range of 1 to 50 g/L. preferably 1 to 25 g/L 
even more preferably in the range of 1 to 10 g/L, for example in the range of 2 to 8 
g/L, such as in the range of 2 to 5 g/L. for example in the range of 3 to 4 g/L. such 
as around 3.3 g/L malic acid. 

It is also preferred that the liquid composition such as the grape juice or fermented 
grape juice comprises in the range of 1 to 5000 mg/L, more preferably in the range 
of 10 to 2500 mg/L, even more preferably in the range of 100 to 1000 mg/L, for ex- 
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ample in the range of 200 to 800 mg/L, such as in the range of 300 to 600 mg/L. for 
example in the range of 400 to 500 mg/L. such as around 450 mg/L of citric acid. 
Preferably, the liquid composition comprises in the range of 50 to 2000 mg/L such 
as 100 to 1000 mg/L. for example 200 to 800 mg/L, such as 400 to 500 mg/L citric 



acid 



In one embodiment of the invention the Malolactic fermentation may for example be 
induced according to the protocols described in example 3 or 4. 

Method of producing a microbial organism 

The present invention also describes methods of producing the microbial organism 
described herein above. The methods comprise the steps of 



«) 



i) Providing a starting microbial organism resistant to a pH below 5 and 
an ethanol concentration of at least 8%, 

Subjecting said microbial organism to mutagenesis, thereby obtaining 
more than one different mutated microbial organism 
ii») Selecting mutated microbial organisms capable of fermenting malic 
acid to lactic acid, wherein said microbial organism when placed in a 
medium containing a predetermined amount of citric acid is only ca- 
pable of degrading at the most 80% of said citric acid, and wherein 
the microbial organism has at least one of the following characteris- 
tics, when said microbial organism In a frozen or freeze dried state is 
added directly into a fermented fruit juice: 

a) a survival rate which is at least 1% after two days at 23»C in a 
fermented sterile fruit juice comprising at least 12 vol% ethanol; 

b) a survival rate which is at least 70% after two days at 1 7°C in a 
fermented sterile fruit juice comprising at least 13.9 vol% etha- 
nol 

The starting microbial organism is preferably capable of fermenting malic acid more 
preferably, the starting microbial organism is capable of fermenting malic acid to 
lactic acid. 
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The starting microbial organism is preferably resistant to low pH, i.e. to pH below 5, 
preferably said organism is resistant to pH around 4.5 or lower, more preferably 
around 4.0 or lower, for example around 3.6 or lower, such as 3.4 or lower, for ex- 
ample said microbial organism is resistant to pH 3.2. 

The starting microbial organism is furthermore preferably resistant to high ethanol 
concetration, i.e. to an ethanol concentration of at least 8 vol%, preferably said or- 
ganism is resistant to an ethanol concentration of around 9 vol% or higher, more 
preferably around 10 vol% or higher, for example around 1 1 vol% or higher, such as 
12.5 vol% or higher, for example said microbial organism is resistant to an ethanol 
concentration of around 13%. 

In one preferred embodiment of the present invention the starting microbial organ- 
ism is a bacterial strain, more preferably the starting microbial organism is a bacte- 
rial strain belonging to the Oenococcus family, even more preferably, the starling 
microbial organism is an Oenococcus oeni strain. 

The starting microbial organism may be obtained from any suitable source, it may 
for example be purchased commercially or isolated from any suitable source known 
to the skilled person. In one embodiment the starting microbial organism is isolated 
from a fermented fruit juice, for example from a wine, preferably from a wine with 
completed spontaneous malolactic fermentation. 

Mutagenesis may be done by any conventional method known to the person skilled 
in the art. In one embodiment mutagenisis comprises incubating the microbial or- 
ganism in the presence of a mutagenising agent. Said mutagenising agent may for 
example be selected from the group consisting of ethylmelhanesulfunate. N-ethyl- 
N'-nitro-N-nitrosoguanidine and 1-(2-hydroxyethyl)-1 -nitrosourea. 

Incubation with the mutagenising agent may be done for any suitable time, for ex- 
ample for in the range of 5 min. to 24 hours, such as in the range of 10 minutes to 
12 hours, for example in the range of 15 minutes to 6 hours, such as in the range of 
30 minutes to 4 hours, for example in the range of 1 hour to 3 hours, such as in the 
range of 1.5 hours to 2.5 hours, for example around 2 hours 
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After mutagenisis, mutated microbial organisms with the desired characteristic may 
be selected, for example mutated microbial organisms with any of the characteristics 
outlined herein above may be selected. 

In one embodiment of the invention microbial organisms with reduced citric acid 
degradation activity are selected. The selection may for example be performed 
based on the methods described by G. M. Kempler and L L McKay (Appl. Environ. 
Microbiol.; ig80, 39, 926-927)as described in example 1 herein below. 

One non-limiting example of how to prepare a microbial organism according to the 
present invention is described in example 1. 

Preparing freeze-dried microbial organisms 

Surprisingly, the present invention discloses that freeze dried microbial organisms 
have an increased survival rate after direct inoculation into wine, if the microbial or- 
ganisms have been cultivated in the adaptation medium described herein below. 

Hence, the present invention also relates to methods of preparing a dried microbial 
organism capable of fermenting malic acid to lactic acid, which has reduced citric 
acid degrading activity and which is capable of survival after direct inoculation into 
fermented fruit juice, said method comprising the steps of 

i) . Providing a microbial organism as described herein above 

ii) Providing an adaptation medium as described herein below compris- 
ing at least 6% sugar 

iii) Incubating said microbial organism in said adaptation medium under 
conditions allowing growth of said microbial organism 

iv) Harvesting said microbial organism 

v) Drying said microbial organism 



Preferably microbial organism is incubated in said adaptation medium for at least 1 2 
hours, such as at least 24 hours, for example around 48 hours prior to harvest. 
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The incubation is preferably at a temperature in the range of 15 to 40°C, such a 
the range of 20-C to 37°C. for example in the range of 25«C to 35°C, preferably 
around 30°C. Furthermore, during incubation the pH is preferably kept constant m 
the range of pH 3.5 to 6.0. such as in the range of pH 4 to 5, preferable around pH 
4.5. 



The microbial organism may be harvested by any conventional technique known to 
the person skilled in the art. In general, harvesting said microbial organism com- 
prises centrifugation. 

Drying said microbial organism may be done by a number of different methods in- 
cluding, but not limited to air drying, spray drying, freeze drying, drum drying or dry- 
mg using a tray drier, ring-dryer, fluid-bed dryer or vacuum-band dryer. 

Preferably however, the microbial organism is freeze-dried. Freeze-drying may be 
done according to any protocol known to the skilled person as for example as de- 
scnbed in Fundamentals of Freeze Drying, J. D. Mellor.1978, Academic Press. 
. In general the microbial organism is mixed with a suitable cryoprotective. for ex- 
ample gelatine and/or sucrose and freeze dried using any suitable freeze drier. 



Adaptation medium 



The adaptation medium according to the present invention comprises at least 6% 
preferably at least 7%. more preferably at least 8%. such as at least 9%, for exam- 
ple at least 10%. such as at least 11% sugar by weight. The sugar may be any suit- 
able sugar for example the sugar may be selected from the group consisting of glu- 
cose, fructose, sucrose and maltose. Preferably the sugar is glucose and/or fruc- 
tose. 

In one preferred embodiment the adaptation medium comprises at least 3%. pref- 
erably at least 4%, more preferably at least 5%, such as at least 6%. for example at 
least 7%. such as at least 8%. for example at least 9%. such as at least 10%, for 
example in the range of 3 to 10%, such as in the range of 4 to 8%, for example in 
the range of 5 to 6% glucose. ' 
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It is also comprised within the present invention that the adaptation medium com- 
prises at least 3%, preferably at least 4%, more preferably at least 5%, such as at 
least 6%, for example at least 7%, such as at least 8%, for example at least 9%, 
5 such as at least 10%, for example in the range of 3 to 10%, such as in the range of 
4 to 8%, for example in the range of 5 to 6% fructose. 

In a preferred embodiment the adaptation medium comprises at least 3%, preferably 
at least 4%, more preferably at least 5%, such as at least 6%, for example at least 
1 0 7% glucose and at least 3%, preferably at least 4%, more preferably at least 5%, 
such as at least 6%, for example at least 7% fructose. 

The adaptation medium furthermore preferably comprises one or more selected 
from the group consisting of nitrogen sources, salts, detergents and buffers. 

15 

The nitrogen source may be any suitable nitrogen source known to the skilled per- 
son. Preferably the nitrogen source comprises amino acids, for example free amino 
acids or amino acids comprised within a polypeptide or a peptide, It is preferred that 
the nitrogen source comprises free amino acids and/or short peptides. Short pep- 
20 tides may be prepared by hydrolysing a protein source. In one embodiment of the 

invention the nitrogen source is selected from the group consisting of yeast extracts, 
Casein hydrolysate (hydrolysed milk protein) and Bacto peptone (hydrolysed meat). 

The salt may for example be MnS0 4 or MgS0 4 . NaCI, MgCI 2 or any other suitable 
25 salt. 

The pH of the adaptation medium is preferably in the range of 2 to 8, more prefera- 
bly in the range of 3 to 7, even more preferably in the range of 3.5 to 6, even more 
preferably in the range of 4 to 5, for example around 4.5. The buffer is therefore 
30 preferably a buffer capable of buffering the medium to said pH. 

The detergent may be any suitable detergent, preferably a detergent containing de- 
rivates of unsaturated fatty acids, for example, Tween 80. 
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In one embodiment of the invention, the adaptation medium is the adaptation me- 
dium described In example 2 herein below. 



Activation solution/composition 

In one aspect the present invention relates to an activation composition and an acti- 
vate solution, wherein said activation solution may be prepared from the activation 
composition by addition of water. The activation solution Is useful for fast and safe 
act.vat.on of microbial organisms prior to inoculation of said microbial organisms into 
a liquid solution. In particular, freeze dried bacteria can frequently not survive to be 
inoculated directly into a liquid composition with harsh conditions, such as low P H 
and/or high ethanbl content. Thus prior to inoculation, the microbial organisms must 
be adapted to survival and growth in said liquid composition. The conventional ad- 
aptafon procedures are complex and time and labour consuming. They involve one 
or several steps of propagation and growth in a suitable medium for several days 
However, the conventional media are also suitable for the growth of many other mi- 
crobial organisms. There is therefore a high risk for contamination with spoilage 
bactena and yeast as the propagation and adaptation steps under the practical con- 
dit.ons ,n the wineries can not be conducted under sterile conditions. The risk is es- 
pecially high because the growth of useful microbial organisms, such as microbial 
orgamsms capable of fermenting malic acid to lactic acid, for example Oenococcus 
oen, is much slower compared to the growth of other microbial organisms The 
number of bacteria in the activation solution according to the present invention is 
very h.gh from the beginning and there is only limited growth or preferably almost no 
growth or increase in the bacteria population during the activation time. The initial 
h.gh bacteria number results in a fast drop in the pH and a fast production of large 
amount of lactic acid from the very high sugar content in the activation solution Low 
PH and lactic acid at high concentrations are toxic to most other microbial organisms 
and thereby greatly reduce the risk for growth of contaminants in the activation solu- 
te according to the present invention. The short time of activation also contributes 
to strongly reduce the risk of contamination. The present inventor has interestingly 
d.scovered that a large drop-in pH and a large increase in the lactic acid concentra- 
te are factors, which aids adaptation of bacteria to survive direct inoculation into a 
l.qu.d composition with harsh conditions, for example wine and to initiate the growth 
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in the liquid immediately. In the activation solution according to the present inven- 
tion, where all the bacteria are present from the beginning, the bacteria adapt to the 
wine conditions much faster and more effectively than with the conventional adapta- 
tion procedures because of the fast drop in pH and fast production of high concen- 
tration of lactic acid from the initial high sugar concentration. 

Hence, the invention in one aspect relates to an activation solution comprising 
i) A nitrogen source 
i») In the range of 60 to 1 40 g sugar per L 

iii) In the range of 5 x 10 9 and 5 x 10 10 colony forming units per ml of a 
microbial organism capable of fermenting at least one fermentable 
compound 

In particular, said activation solution may be useful as an activator of starter cul- 
tures, for example malolactic starter cultures. The term starter culture is meant to 
encompass a composition comprising a microbial organism capable of fermenting a 
fermentable compound. The activation solution according to the present invention, 
comprises a very high concentration of sugar, which previously has been thought to 
inhibit growth of microbial organisms. 

The invention also relates to a dry activation composition, wherein in the range of 80 
to 200 g of said dry activation composition comprises 

iv) a nitrogen source 

v) In the range of 60 to 1 40 g sugar 

vi) In the range of 5 x 10" and 5 x 10 13 colony forming units of a micro- 
bial organism capable of fermenting a fermentable compound, 

wherein addition of 1 L water to said dry activation compositions results in 
said activation solution. 

The fermentable compound may be any compound desirable to ferment In one 
preferred embodiment of the present invention, the fermentable compound is malic 
acid. It is thus preferred that the microbial organism is capable of fermenting malic 
acid, in particular it is preferred that the microbial organism is capable of fermenting 
malic acid to lactic acid. 
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The microbial organism is capable of fermenting malic acid to lactic acid, when said 
microbial organism when placed in a liquid composition comprising a predetermined 
amount of malic acid it is capable of fermenting at least 30%, preferably at least 
50%, more preferably at least 70%, such as at least 80%, at ieast at least 90%, for 
example at least at least 95% of said malic acid to lactic acid. 

Said degradation of malic acid preferably is completed within at the most 1 month, 
preferably within at the most 3 weeks, more preferably within at the most 2 weeks, 
such as 13, for example 12, such as 1 1, for example 10. such as 9 days. 
In one embodiment of the present invention the microbial organism has reduced 
citric acid degradation activity. For example, said microbial organism, when placed 
in a medium containing a predetermined amount of citric acid is only capable of de- 
grading at the most 80% of said citric acid. Even more preferably, the microbial or- 
ganism is only capable of degrading at the most 70%, such as 60%. for example 
50%, such as 40%, for example 30%. such as 25%, for example 20%, such as 15%, 
for example 12%, such as 10% of said citric acid. Hence, it is preferred that the mi- 
crobial organism is only capable of degrading in the range of 0 to 50%, more pref- 
erably 0 to 40%, even more preferably 0 to 30%, yet more preferably 0 to 20% of 
said citric acid. It is furthermore preferred that the microbial organism is only capable 
of degrading at the most 50%, more preferably at the most 40%, even more pref- 
erably at the most 30%, yet more preferably at the most 20%, even more preferably 
at the most 10% of said citric acid within for example 3 weeks, more preferably 
within 2 weeks, such as within 13. for example 12, such as 1 1, for example 10 days. 

The liquid composition comprising said predetermined amount of malic acid and/or 
citric acid furthermore preferably comprises one or more of the following parameters 

• preferably a pH in the range of 2 to 7. preferably in the range of 3 to 6. more 
preferably in the range of 3 to 5. even more preferably in the range of 3 to 4, 
for example in the range of 3.1 to 3.8, such as in the range of 3.2 to 3.6, for 
example around 3.4; and/or 

• preferably an ethanol content of more than 10%, preferabl more than 1 1 %, 
such as more than 12%. preferably an ethanol content in the range of 10 to 
14%. such as in the range of 10.5 to 13.5%. for example in the range of 11 
to 13%, such as in the range of 1 1.5 to 12.5%, for example around 10%, 
such as around 10.5%, for example around 11%. such as around 11.5%, for 
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example around 12%, such as around 12.5%. for example around 13%, 
such as around 1 3.5%, for example around 13.9% and/or 
. • preferably in the range of 0.1 to 30 g/L sugar, more preferably in the range 
of 0.5 to 25 g/L. even more preferably in the range of 1 to 20 g/L. such as in 

• the range of 1 to 1 5 g/L. for example in the range of 1 to 1 0, such as in the 
range of 2 to 9. such as in the range of 3 to 8. such as In the range of 4 to 6. 
for example around 5 g/L sugar and/or 

• preferably in the range of 1 to 50 g/L. more preferably in the range of 1 to 25 
g/L. even more preferably in the range of 1 to 10 g/L. for example in the 
range of 2 to 8 g/L. such as in the range of 2 to 6 g/L. for example in the 
range of 3 to 4 g/L, such as around 3.3 g/L of malic acid and/or 

• preferably in the range of 1 to 5000 mg/L. more preferably in the range of 1 0 
to 2500 mg/L, even more preferably in the range of 100 to 1000 mg/L, for 
example in the range of 200 to 800 mg/L. such as in the range of 300 to 600 
mg/L, for example in the range of 400 to 500 mg/L, such as around 450 
mg/L of citric acid. 

It is preferred that said microorganism is incubated with said liquid composition at a 
temperature of in the range of 15 to 30°C. such as in the range of 20 to 25«C. for 
example around 23°C. 

Preferably, the microbial organism is capable of degrading malic acid and/or citric 
add as indicated herein above when said organism is present in a concentration in 
the range of 1 x 10 3 to 5 x 10" per ml, preferably in the range of 1 x 10* to 5 x 10" 
per ml, more preferably in the range of 1 x 10 s to 5 x 10 8 per ml. for example in the 
range of 1 x 10 6 to 5 x 1 0 7 per ml. 

In one preferred embodiment of the present invention the microbial organism is ca- 
pable of reducing malic acid within 9 days to less than 1 g/L, such as less than 0,5 
g/L. for example less than 0.1 g/L. when incubated at a temperature of approxi- 
mately 23°C. when said microbial organism is added directly in a frozen or freeze 
dned state to a fermented fruit juice at a concentration of CFUs in the range of 1 x 
10 6 to 5 x 10 7 per ml. wherein said fermented fruit juice is prepared by yeasting a 
stenle fruit juice without added sulphite resulting in a fermented fruit juice having an 
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ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L of malic 
acid, and 450 mg/L of citric acid. 

In another embodiment, it is preferred that the microbial organism reduces the citric 
acid content by less than 50%, such as less than 20%, for example less than 10% 
within 10 days, when incubated at a temperature of approximately 23*C. when said 
microbial organism is added directly in a frozen or freeze dried state to a fermented 
fruit juice at a concentration of CFUs in the range of 1 x 10 6 to 5 x 10 7 per ml 
wherein said fermented fruit juice is prepared by yeasting a sterile fruit juice without 
added sulphite resulting in a fermented fruit juice having an ethanol content of 12 0 
vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L of malic acid, and 450 mg/L of cit- 
ric acid. 



In one preferred embodiment of the present invention, the freeze-dried or frozen 
microbial organism have a low surviving rate or is not capable of surviving at all 
when directly inoculated into a fermented fruit juice, i.e. the microbial organism does 
not have one or more of the characteristics mentioned herein below. In a preferred 
embodiment the microbial organism does not have any of the characteristics men- 
t.oned herein below. It is however comprised within the invention that the freeze- 
dried or frozen microbial organism may have a high survival rate when directly in- 
oculation into a fermented fruit juice. Such microbial organisms may however in 
general survive better and start growth faster when inoculated into fermented fruit 
ju.ce if they have been pre-incubated in the activation solution according to the in- 
vention. 

Hence, the microbial organism may or may not have one or more of the following 
characteristics, when said microbial organism in a frozen or freeze dried state is 
added directly into a fermented fruit juice: 



a survival rale which is at least 10% after two days at 23°C in a fer- 
mented sterile fruit juice with a pH of less than 4 and comprising at 
least 12 vol% ethanol 
ii) a survival rate which is at least 70% after two days at 1 7°C in a fer- 
mented sterile fruit juice with a pH of less than 4 comprising at least 
13.9 vol% ethanol 
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For example, the survival rate may be at least 1 5%, such as at least 20%. for exam- 
ple at least 25%. such as at least 30%. for example at least 35%. such as at least 
40%. for example at least 45%. such as at least 50%. for example at least 55% 
such as at least 60%. for example at least 65<>/o. such as at least 70%. for example 
at least 75%. such as at least 80% after two days at 23<>C in a fermented sterile fruit 
ju.ce wth a P H of less than 4. preferably in the range of 3 to 4. for example in the 
range of 3.1 to 3.8. such as in the range of 3.2 to 3.6. for example around 3 4 and 
comprising at least 12 vol% ethanol, preferably around 12 vol% ethanol. 

Preferably, the microbial organism after activation for more than 4 hours, preferably 
for more than 5 hours, for example for in the range of 5 hours to 2 weeks, such as in 
the range of 6 hours to 1 week, for example for in the range of 6 hours to 5 days 
such as in the range of 7 hours to 3 days, for example for in the range of 7 hours to 
2 days, such as in the range of 8 hours to 48 hours, for example for in the range of 8 
hours to 46 hours, such as around 4 hours, for example around 8 hours, such as 
around 19 hours, for example around 46 hours in the activation solution has a sur- 
vrval rate which is at least 3%. preferably at least 5%. more preferably at least 10% 
even more preferably at least 20%. yet more preferably at least 30%. even more 
preferably at least 33%. yet even more preferably at least 40%. such as at least 
50%. for example at least 60%. such as at least 70%. for example at least 80% 
such as at least 90%. preferably at least 94%. for example at least 95%. such as 
around 100% after two days at 23°C when inoculated into a fermented fruit juice 
having an ethanol content of at least 12.0 vol%. 

More preferably, the microbial organism after activation for more than 4 hours pref- 
erably for more than 5 hours, for example for in the range of 5 hours to 2 weeks 
such as in the range of 6 hours to 1 week, for example for in the range of 6 hours to 
5 days, such as in the range of 7 hours to 3 days, for example for in the range of 7 
hours to 2 days, such as in the range of 8 hours to 48 hours, for example for in the 
range of 8 hours to 46 hours, such as around 4 hours, for example around 8 hours 
such as around 1 9 hours, for example around 46 hours in the activation solution has 
a survival rate which is at least 3%, preferably at least 5%. more preferably at least 
10%. even more preferably at least 20%. yet more preferably at least 30%. even . 
more preferably at least 33%. yet even more preferably at least 40%. such as at 
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least 50%, for example at least 60%, such as at least 70%. for example at least 
80%, such as at least 90%, preferably at least 94%. for example at least 95%, such 
as around 100% after two days at 23°C when Inoculated Into a fermented fruit juice 
prepared by yeasting a sterile grape fruit juice without added sulphite, said fer- 
mented fruit juice having an ethanol content of 12.0 vol%. pH 3.4. below 5 g/L resid- 
ual sugar, 3.3 g/L of malic acid, and 450 mg/L of citric acid 

The microbial organism according to the present invention is preferably resistant to 
one or more different bacteriophages, more preferably the organism is in general 
resistant to bacteriophages. 

Furthermore it is preferred that the microbial organism retains its characteristics 
during propagation and concentration, i.e. it Is preferred that the microbial organism 
retains its capability of survival, of degrading malic acid and/or citric acid as de- 
scribed herein above during propagation and concentration. Preferably, the micro- 
bial organism retains it characteristics after 10. such as after 20. for example after 
30. such as after 40. such as after 50. for example after 60. such as after 70. for 
example after 80, such as after 90, for example after 100populatlon doublings. It is 
preferred that the microbial organism retains it characteristics after concentration as 
described herein below. 

In one preferred embodiment of the present invention the microbial organism is a 
bacterial strain, preferably the microbial oiganism is selected from the group con- 
sisting of bacteria belonging to the Oenococcus family and the Lactobacillus family. 
More preferably, the microbial organism is selected from the group consisting Oeno- 
coccus oeni. Lactobacillus hilgardii, Lactobacillus brevis , Lactobacillus casei and 
Lactobacillus plantarum. Even more preferably the microbial organism is selected 
from the group consisting Oenococcus oen, and Lactobacillus plantarum. 

For example, the microbial organism may be selected from the group consisting of 
the bacterial strains MBR Alpha. MBR Beta. MBR 31. MBR 41 and MBR OSU avail- 
able from Lallemand Inc.. Montreal. Canada. Said strains may survive direct inocu- 
lation into wine. The microbial organism may also be selected from the group con- 
sisting of Inobacter (IB). OSU. ProVino, MCW. 3X. and MT01 available from Lalle- 
mand Inc.. Montreal. Canada. Said strains require adaptation prior to inoculation into 
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wine. In one preferred embodiment of the invention the microbial organism is MT01 
available from Lallemand Inc., Montreal. Canada, which has reduced citric acid deg- 
radation activity. The microbial organism may also be selected from the group con- 
sistmg of Viniflora oenos and Viniflora CH35 available from Chr. Hansen A/S. Hoer- 
sholm, Denmark. These strains may be inoculated directly into wine. 

In one embodiment the microbial organism may be any of the microbial organisms 
described in international patent application WO 93/20180, which is hereby incorpo- 
rated herein in its entirety. 

In one preferred embodiment of the invention, the microbial organism is a bacteria 
belonging to the Oenococcus family, more preferably the microbial organism is an 
Oenococcus oeni For example, the microbial organism may selected from the 
group consisting of microbial organisms deposited under the acceslon numbers 
DSM 15568, DSM 7008, DMS 15569, DMS 15570, and DSM 15571. 

In one embodiment of the present invention the microbial organism is any of the 
microbial organisms described herein above in the section "Microbial organisms 
capable of fermenting malic acid". 

The sugar in the dry activation composition and in the activation solution according 
to the present invention may be any suitable sugar. For example the sugar may be 
selected from the group consisting of glucose, fructose, sucrose and maltose. Pref- 
erably the sugar is glucose and/or fructose. 

The activation solution according to the present invention comprises in the range of 
60 to 140 g sugar per L. preferably in the range of 70 to 130 g sugar per L, more 
preferably in the range of 80 to 1 20 g sugar per L, for example in the range of 90 to 
1 10 g sugar per L, such as around 100 g sugar per L. 

Accordingly, the activation composition preferably comprises in the range of 60 to 
140 g sugar, preferably in the range of 70 to 130 g sugar, more preferably in the 
range of 80 to 120 g sugar, for example in the range of 90 to 1 10 g sugar, such as 
around 100 g sugar per 80 to 200 g of said dry activation composition. For example, 
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in the range of 1 10 to 150 g of said dry activation composition comprises in the 
range of 80 to 1 1 0 g, such as 90 to 1 10 g, for example 95 to 105 g sugar 

The activation solution may for example comprise in the range of 30 g to 100 g, 
such as in the range of 30 to 90 g, for example in the range of 30 to 80 g, such as in 
the range of 35 to 70 g, such as 40 to 80 g, for example in the range of 40 to 60 g, 
such as in the range of 45 to 55 g. for example around 50 g glucose per L. 

Thus the dry activation composition may comprise in the range of 30 g to 100 g, 
such as in the range of 30 to 90 g, for example in the range of 30 to 80 g, such as in 
the range of 35 to 70 g| such as 40 to 80 g, for example in the range of 40 to 60 g, 
such as in the range of 45 to 55 g. for example around 50 g glucose per 80 to 200 g 
of said dry activation composition. 

The activation solution may for example comprise in the range of 30 g to 100 g, 
such as in the range of 30 to 90 g, for example in the range of 30 to 80 g, such as 
40 to 80 g, such as in the range of 35 to 70 g, for example in the range of 40 to 60 g, 
such as in the range of 45 to 55 g, for example around 50 g fructose per L. 

Thus the dry activation composition may comprise in the range of 30 g to 100 g, 
such as in the range of 30 to 90 g, for example in the range of 30 to 80 g, such as 
40 to 80 g, such as in the range of 35 to 70 g, for example in the range of 40 to 60 g. 
such as in the range of 45 to 55 g. for example around 50 g fructose per 80 to 200 g- 
of said dry activation composition. 

Preferably, the activation solution or the activation composition comprises both glu- 
cose and fructose, for in the range of 30 to 80 g, such as 40 to 80 g, such as in the 
range of 35 to 70 g, for example in the range of 40 to 60 g, such as in the range of 
45 to 55 g, for example around 50 g glucose and in the range of 30 to 80 g, such as 
40 to 80 g, such as in the range of 35 to 70 g, for example in the range of 40 to 60 g, 
such as in the range of 45 to 55 g, for example around 50 g fructose per L or per 80 
to 200 g of said dry activation composition. 

The activation solution and/or the activation composition furthermore preferably 
comprises one or more selected from the group consisting of nitrogen sources, salts 
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and chemical compound with buffering capacity (buffer). Preferably the activation 
solution and/or the activation composition comprises all. 

The nitrogen source may be any suitable nitrogen source known to the skilled per- 
son. Preferably the nitrogen source comprises amino acids, for example free amino 
acids and/or amino acids comprised within a polypeptide or a peptide, It is preferred 
that the nitrogen source comprises free amino acids and/or short peptides. Short 
peptides are usually prepared by hydrolysing a protein source. In one embodiment 
of the invention the nitrogen source is selected from the group consisting of yeast 
extracts. Casein hydrolysate (hydrolysed milk protein). Bacto peptone (hydrolysed 
meat) and other hydrolysed proteins. 

The salt may for example be MnS0 4 or MgS0 4 , NaCI, MgCI 2 or any other suitable 
salt. 

The pH of the adaptation medium is preferably in the range of 2 to 8. more prefera- 
bly in the range of 3 to 7. even more preferably in the range of 4 to 6, for example 
around 4.9. The chemical compound with buffering capacity is therefore preferably a 
buffer capable of buffering the medium to said pH. For example the chemical com- 
pound may be selected from the group consisting of tartaric acid, malic acid, lactic 
acid, phosphate and citrate. 

In one embodiment of the present invention the dry activation composition is the dry 
activation composition described in example 5, wherein the freeze dried bacteria 
(DSM 15568) used in example 5 optionally may be substituted with any of the mi- 
crobial organisms mentioned above in this section. 

Induction of fermentation 

The present invention also relates to methods of inducing fermentation in a liquid 
composition comprising a fermentable compound comprising the steps of 



Providing either a dry activation composition or an activation solution 
as described herein above, wherein the microbial organism com- 



P773DK00 



38 



«) 
Hi) 
iv) 



prised within said composition/solution is capable of fermenting said 
fermentable compound 

If a dry composition is provided, adding water to said dry composi- 
tion, thereby obtaining an activation solution 
Incubating said activation solution for an activation time under activa- 
tion conditions 

Providing a liquid composition comprising said fermentable com- 
pound 



v) Inoculating said liquid composition with said activation solution 



vi) 



Thereby Inducing fermentation in said liquid composition 



The liquid composition may be any suitable liquid composition in which it is desirable 
to induce a fermentation process, for example the liquid composition may be a fruit 
ju.ce or a fermented fruit Juice, such as a grape fruit juice or fermented grape fruit 
ju.ce. A fermented grape fruit juice may for example be a wine, such as a red wine, 
white wine, sparkling wine or rose wine. 

The activation time may be selected according to the specific embodiment. In gen- 
eral a longer activation time results in better survival after inoculation up to an acti- 
vation time of approximately 2 days. Preferably, the activation time is thus more than 
4 hours, preferably for more than 5 hours, for example for in the range of 5 hours to 
2 weeks, such as in the range of 6 hours to 1 week, for example for in the range of 6 
hours to 5 days, such as in the range of 7 hours to 3 days, for example for in the 
range of 7 hours to 2 days, such as in the range of 8 hours to 48 hours, for example 
for ,n the range of 8 hours to 46 hours, such as around 4 hours, for example around 
8 hours, such as around 19 hours, for example around 46 hours. 

Preferably, the activation time is selected so that the microbial organism has a sur- 
vival rate which is at least 3%, preferably at least 5%, more preferably at least 10% 
even more preferably at least 20%. yet more preferably at least 30%, even more 
preferably at least 33%, yet even more preferably at least 40%. such as at least 
50%, for example at least 60%, such as at least 70%, for example at least 80% 
such as at least 90%. preferably at least 94%, for example at least 95%. such as 
around 100% after two days at 23°C when inoculated into a fermented fruit juice 
having an ethanol content of at least 12.0 vol%. 
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The activation conditions preferably comprises incubation at a temperature in the 
range of 10»C to 40°C, for example 15°C to 35»C, such as 15°C to 30°C, for exam- 
pie 18»C to 25°C, such as 20°C to 25°C. for example around 23°C 

The fermentable compound may be any compound desirable to ferment. In one 
preferred embodiment of the present invention, the fermentable compound is malic 
acid. 

Preferably around 1 L of water is added to in the range of 80 to 200 g of the dry acti- 
vation composition comprising in the range of .60 to 140 g sugar. Water may for ex- 
ample be tap water, distilled water or sterile water. 



Deposition of microbial organisms 

The present invention refers to microbial organisms deposited under the accession 
numbers DSM 15568. DSM 15569, DSM 15570. and DSM 15571at DSMZ - Deut- 
sche Sammlung von Mikroorganismen und Zellkulturen GmbH. Mascheroder Weg 
1b, 38124 Braunschweig. GERMANY. 



Examples 
Example 1. 

Selection of non-citric acid fermenting mutants of Oenococcus oenL 

Strains of Oenococcus oeni with resistance to pH below 3.2 and more than 13 vol% 
ethanol were isolated from different wines with completed spontaneously maloiactic 
fermentation using techniques known in the art. 

The objective of the mutagenesis of the Oenococcus oeni strains was to obtain mu- 
tants where the citric acid metabolism, depicted in Fig 1, was eliminated. Mutagene- 
sis of the Oenococcus oeni strains was carried out by adding 0.2 ml ethylmethane- 
sulfunate to 10 ml of a stationary phase culture of Oenococcus oeni. After incubation 
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of the mixture for two hours at 30°C, 0.1 ml was transferred to 10 ml fresh cultivation 
medium and incubated for 48 hours at 30'C. The composition of the cultivation me- 
dium was by weight: 
2% glucose 
2% fructose 

2% yeast extract (Oxoid Ltd., England) 

0.02% MnS0 4 7H 2 0 

0.2% Tween™ 80 

pH adjusted to 5.0 with 20% NaOH. 

From the stationary phase culture, spread plates were made using the methods de- 
scribed by G. M. Kempler and L. L. McKay (Appl. Environ. Microbiol.; 1980, 39, 926- 
927) except that the agar used had the following composition: 
1% glucose 
1% fructose 

1 % yeast extract (Oxoid Ltd., England) 
0.02% MnS0 4 '7H 2 0 
0.2% Tween™ 80 

2% Agar (Agar-agar, Merck, Germany) 
pH adjusted to 5.5 with 20% HCI 

The plates were incubated for 10 days at 30°C. On the plates white colonies con- 
taining mutated non-citric acid fermenting bacteria could be differentiated from blue 
colonies containing normal citric acid fermenting bacteria. 

Example 2. 

Preparation of experimental wine for evaluation of selected non-citric acid 
fermenting Oenococcus oenf mutants. 

A 5 litre sterile glass container was added 4 litre of sterile Biotta grape juice (Biotta 
AG, Switzerland) adjusted with sucrose to a total sugar concentration of 212 g/l 
and inoculated with 1.5 g of active dry yeast (Sacchammyces cerevisiae. Saint 
George S101, Fould-Springer, France). The juice was incubated at 23°C. After 14 
days the alcoholic fermentation was completed and the wine was adjusted to pH 3.4 
with 20% HCI. The concentration of total glucose and fructose in the wine was below 
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5 g/litre, the ethanol concentration was 12,0% (v/v), and the L-malic acid and citric 
acid concentration was 3.3 g/Iitre and 0.45g/liter respectively. The glucose, fructose, 
ethanol, malic acid, and citric acid concentrations were determined by the enzymatic 
test kits of Boehringer Mannheim, Germany. 

Examination of selected non-citric acid fermenting Oenococcus oeni mutants. 

For unknown reason the growth of the selected mutants in commercially available 
cultivation media for lactic acid bacteria (MRS Broth from Oxoid Ltd.) were slow 
compared to the non-mutated strains. Also when pre-cultivated in MRS Broth for 48 
hours at 30°C and inoculated directly from the cultivation broth into the experimental 
wine, the survival rate of the inoculated mutants in the wine measured 2 days after 
inoculation were 20-50 times lower compared to the non-mutated strains. Clearly, 
the mutation in the selected strains somehow effect the growth and the ability to 
survive direct inoculation into wine. 

Examination of new cultivation and adaptation medium for the production of non- 
citric acid fermenting Oenococcus oeni mutants. 

The selected non-citric acid fermenting Oenococcus oeni strain DSM 15571 were 
grown in the cultivation and adaptation medium of the following composition by 
weight: 

5.5% glucose 
5.5% fructose 

3.9% yeast extract (Oxoid Ltd., England) 

0.02% MnS0 4 7H 2 0 

0.2% Tween™ 80 

pH adjusted to 4.5 with 20% HCI. 

The cultivation and adaptation medium was sterilized at 121°C for 10 minutes and 
cooled to 30°C. 

The medium was inoculated with the non-citric acid fermenting Oenococcus oeni 
strain DSM 15571 which had been pre-cultured in a medium with the same compo- 
sition for 48 hours at 30°C. 

The inoculated medium was held at 30°C and at constant pH 4.5 by addition of 20% 
NaOH. Figure 2 show the growth of the Oenococcus oeni strain measured as the 
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optical density at 600 nm (OD600), the total concentration of sugar (glucose + fruc- 
tose), and the calculated amount of fermented sugar in the medium. 

At different times during the fermentation, 200 ml samples were removed. The name 
5 and time of the sampling, the OD60Q, the total concentration of sugar, and the cal- 
culated amount of fermented sugar in the samples are shown in Table 1. The bacte- 
ria was harvested from the sample by centrif ugation. The bacteria concentrate from 
the centrifugation was re-suspended in sterile water containing 4% gelatine as cryo- 
protective and freeze dried using techniques known in the art 

10 

The enumeration of viable bacteria in the freeze dried product and in inoculated 
wine was performed after appropriate dilution in water containing 0.1% peptone and 
0.9% NaCI, followed by pour plate seeding in agar. The composition of the agar 
used was by weight: 
15 2% glucose 
2% fructose 

2% yeast extract (Oxoid Ltd., England) 
0.02% MnS047H 2 0 
0.2% Tween™ 80 
20 2% Agar (Agar-agar, Merck, Germany) 
pH adjusted to 5.0 with 20% HCI. 

The agar was autoclaved at 125°C for 10 minutes and cooled to 45°C before use. 
Viable counts were obtained as the number of colony forming units (CFU) after in- 
cubation at 30°C for 7 days 

25 

Based on the determination of the CFU/g in the freeze dried samples, 4 L experi- 
mental wine was inoculated directly with the freeze dried samples of Oenococcus 
oeni DSM 15571 to an initial concentration of 5 x 10 6 CFU/ml wine. The wine was 
incubated at 23°C. Figure 3 shows the CFU/ml measured in the wines inoculated 
30 with sample A, B, C, and D. Table 2 show the survival rate of Oenococcus oeni 
DSM 15571 in the wine day 2 determined as % of the initial inoculation level. 

The results In figure 3 shows that there was a minimum in the CFU/ml measured in 
the wine 2 days after inoculation after which time the bacteria started to grow. Figure 
35 . 3 and Table 2 also shows that there was a very large difference in the survival of the 



P773 DKOO 



43 



inoculated bacteria samples in the wine after 2 days. Sample A, which was har- 
vested from the fermentor when 44.8 g/L of the sugar was fermented (Table 1), sur- 
vived poorly the inoculation into wine. Only 0.4% of the inoculated bacteria was alive 
in the wine after 2 days (Table 2). However, for sample B, C, and D, which was har- 
vested from the fermentor when respectively 68, 84, and 100 g/L of the sugar was 
fermented, the survival rate of the bacteria day 2 in the wine increased to 10.2%, 
44%, and 98% respectively. The results shows that there is a clear increase in the 
adaptation of the non-citric acid fermenting strain Oenococcus oeni DSM 15571 to 
survive direct inoculation into wine when more than 44.8 g/L of the sugar is fer- 
mented during the propagation of the bacteria mutant. 

Example 3. 

Induction of malolactic fermentation in the experimental wine by direct 
inoculation with freeze dried preparation of non-citric acid fermenting 
Oenococcus oeni. 

The malolactic fermentation induced by freeze dried preparation of the non-citric 
acid fermenting strain Oenococcus oeni DSM 15571, prepared as described for 
sample D in Example 2 f was examined in 4 L experimental wine inoculated directly 
with the freeze dried sample to ah initial concentration of 2 x 10 6 CFU/ml wine. 

The results of this experiment are shown in Fig. 4 from which it appears that the 
survival rate of the strain was 90% measured 2 days after inoculation after which 
time the strains started to multiply in the wine and degrade the malic acid, which 
was exhausted after 10 days. The non-citric acid fermenting mutant did not degrade 
the citric acid in the wine and the concentration of acetic acid increased only from 
390 to 450 mg/L during the experiment. 

Example 4. 

Induction of malolactic fermentation in California wines by direct inoculation 
with freeze dried preparation of non-citric acid fermenting Oenococcus oeni 
strains. 

Freeze dried preparation of three non-citric acid fermenting mutants of Oenococcus. ' 
oeni, DSM 15570, DSM 15569, and DSM 15571 were tested by direct inoculation 
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into 250 L oak barrels containing different wines form Russian River and Sonoma, 
California. All freeze dried preparations were prepared as previously described for 
sample D in Example 2. For comparison, a freeze dried commercial culture (Viniflora 
oenos from Chr. Hansen A/S, Denmark) of Oenococcus oeni (strain DSM 7008) with 
a normal citric acid metabolism was included. 

The results from the experiments are shown in Fig. 5 and Fig. 6. In all of the inocu- 
lated barrels the survival rate of the mutants measured two days after inoculation 
was 65 to 100%. All barrels completed the malic acid degradation within 19 to 24 
days. The results show that the non-citric acid fermenting mutant strains did not de- 
grade the citric acid in the wine and the concentration of acetic acid only increased 
35 to 70 mg/L during the trials which was significantly less than the 221 to 247 mg/L 
increase measured for the normal citric acid fermenting strain. 



Example 5. 

Blending of new dry activation composition. 

A dry activation composition was produced by blending the following components: 
50 g glucose 
50 g fructose 

10 g yeast extract (Oxoid Ltd., England) 
0.45 g tartaric acid 
0.1 g MnS0 4 .7H 2 0 

20 g freeze dried Oenococcus oeni strain DSM 15568 (normal citric acid fermenting 
strain) 

Tartaric acid is an organic acid with buffer capacity. The amount of tartaric acid in 
the above composition was chosen so that the dry composition, when water was 
added to a total of 1 L, resulted in a pH of 4.9 in the solution. The freeze dried Oe- 
nococcus oeni strain DSM 15568 in the composition contained 4 x 10 11 CFU/g and 
was prepared as described for sample A in Example 2. 

Examination of new dry activation composition. 

The blended dry activation composition, was re-hydrated by addition of water to a 
total of 1 L followed by incubation of the activation composition solution at 23°C. The 
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activation composition solution, which from start contained a total of 100 g sugar/L 
and 8 x 10° CFU/ml of Oenococcus oeni strain DSM 15568 was followed by the de- 
termination of total sugar/L, pH and CFU/ml. The results are shown in Fig. 7 from 
which it appear that during the 46 hours of activation the number of viable bacteria 
measured as CFU/ml was almost constant in the activation solution. The total sugar 
concentration decreased within 4 hours to less than 55g/L and ended at 15 g/L after 
46 hours of activation while the pH decreased fast from the initial pH of 4.9 to pH 4.0 
after 4 hours and ended at pH 3.43 after 46 hours.. 

At different time during the activation four samples, named 1, 2, 3, and 4 were re- 
moved from the solution. The name and time of the sampling, the pH, the amount of 
total sugar, and the calculated amount of sugar fermented in the samples are shown 
in Table 3. 

1 ml of the samples 1, 2. 3, and 4 were inoculated directly into 2.5 L experimental 
wine in a 5 L container which resulted in an initial bacteria number of 3.2 x 10 6 
CFU/ml. The number of viable bacteria and the malic acid concentration in the wine 
was followed and the results are shown in Fig. 8. Table 4 show the % survival of the 
inoculated bacteria measured day 2 in the wine. Included in the experiment was also 
the direct inoculation into the experimental wine of freeze dried Oenococcus oeni 
strain DSM 15568 prepared as described for sample A in Example 2. The freeze 
dried preparation was inoculated to a concentration of 3.2 x 10 6 CFU/ml. 

Fig. 8 shows that there was a minimum in the CFU/ml measured in the wine 2days 
after inoculation after which time the bacteria started to grow. The results in Fig. 6 
and Table 4 shows clearly that the bacteria inoculated from the activation solution 
survived better in the wine and conducted a faster malolactic fermentation than the 
freeze dried bacteria inoculated directly Into the wine. The results further shows that 
the survival rate and the malic acid degradation performance of the bacteria in the 
wine increased with the incubation time of the bacteria in the activation solution. The 
survival rate day 2 in the wine of bacteria from samples taken from the activation 
solution after 4, 8, 19, and 46 hours incubation was 3%, 33%, 94%, and 100% re- 
spectively and the increase in the survival rates resulted in a significantly increased 
speed of the malolactic fermentation. 
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Example 6. 

Examination of new dry activation composition containing non-citric acid fer- 
menting Oenococcus oeni strain 

A dry activation composition was produced as described In Example 5 except for the 
bacteria strain where 15 g freeze dried product of the selected non-citric acid fer- 
menting mutant strain Oenococcus oeni DSM 1 5569 was used and that the amount 
of sugar was changed to 55 g glucose and 55 g fructose. The freeze dried strain 
was prepared as described for sample A in Example 2 and the product contained 
3.5x10 11 CFU/g. 

The dry activation composition was re-hydrated by addition of water to a total of 1 L 
which resulted in a bacteria concentration of 5.3 x 10 9 CRJ/ml. The activation solu- 
tion was incubated at 23°C. After 8, 16, 24 and 38 hours incubation respectively, a 
sample of 1 ml of the activated bacteria solution was inoculated directly into 2.5 L 
experimental wine in a 5 L container resulting in an initial bacteria number of 2.1 x 
10 6 CFU/ml. The samples was named 1, 2, 3, and 4 respectively. Also included in 
the examination was the direct inoculation of the wine with freeze dried Oenococcus 
oeni strain DSM 15569 to a concentration of 2.1 x 10 6 CFU/mL. The freeze dried 
strain was prepared as described for sample A in Example 2. The wine was kept at 
20°C and followed by the determination of CFU/ml and malic acid concentration. 

Figure 9 show the results from the 5 wines. The survival rates measured day 2 In 
the wines Inoculated directly with freeze dried bacteria and sample 1 , 2. 3, and 4 
from the activated bacteria solution were 4%, 10%, 52%, 90% and 100% respec- 
tively. Clearly, the activated bacteria survived much better in the wine than the direct 
inoculated freeze dried bacteria and the survival rate in the wine for the activated 
bacteria increased with the incubation time in the activation solution. The malolactic 
activity in the wines clearly reflected the different survival rates. The wines with the 
highest survival rates also had the fastest malic acid degradations. 

Example 7. 

Examination of new dry activation composition containing commercially 
available freeze dried Oenococcus oeni strain. 

A dry activation composition was produced as described In example 5 except for the 
bacteria strain where 15 g freeze dried product of the commercial culture Viniflora 
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oenos from Chr. Hansen A/S, Denmark, was used. The product contain Oenococ- 
cus oenh strain DSM 7008 and it is recommended by the producer for direct inocu- 
lation into wine at a concentration of 1 5 g per 2500 L wine. 

5 The dry activation composition was re-hydrated by addition of water to a total of 1 L 
which resulted in a bacteria concentration of 1.2 x 10 10 CFU/ml. The activation solu- 
tion was incubated at 23°C and after 24 hours the number of bacteria in the activa- 
tion solution was determined to be 1.1 x 10 10 CFU/mL indicating that no bacteria 
growth had occurred. After the 24 hours a sample of the activated bacteria solution 

10 was inoculated into 2.5 L Chardonnay wine from California with 12.5 vol% ethanol, 
pH 3.3 and with 20 ppm S0 2 added at crush. The inoculation resulted in an initial 
bacteria concentration of 5 x 10 6 CFU/ml in the wine. 2.5 1 of the wine was also in- 
oculated directly with the freeze dried product according to instruction of the manu- 
facture which also resulted in an initial bacteria concentration of 5 x 10 6 CFU/ml . 

15 The wine was kept at 24°C and followed by the determination of CFU/ml and malic 
acid concentration. Figure 10 shows the results from the examination from which it 
can be calculated, that the survival rate measured day two was 40% in the wine 
inoculated directly with freeze dried bacteria while it was 100% in the wine inocu- 
lated with bacteria from the activation solution. In the later the bacteria also started 

20 to grow without a lag phase and the malolactic fermentation was completed within 
16 days while it took 20 days in the wine inoculated directly with freeze dried bacte- 
ria. 
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Claims 

1 . An isolated and purified microbial organism, wherein said microbial organism is 
capable of fermenting malic acid to lactic acid, 

and wherein said microbial organism when placed in a medium containing a 
predetermined amount of citric acid is only capable of degrading at the most 
80% of said citric acid , 

and wherein the microbial organism has at least one of the following character- 
istics, when said microbial organism in a frozen or freeze dried state is added di- 
rectly into a fermented fruit juice: 

i) a survival rate which is at least 1% after two days at 23°C in a fer- 
mented sterile fruit juice with a pH of less than 4 and comprising at 
least 12 vol% ethanol 

ii) a survival rate which is at least 70% after two days at 17°C in a fer- 
mented sterile fruit juice with a pH of less than 4 comprising at least 
13.9 vol% ethanol 

2. The microbial organism according to claim 1, wherein said microbial organism is 
an Oenococcus oeni strain. 

3. The microbial organism according to claim 1 , wherein the characteristic is a sur- 
vival rate which is at least 1% after two days at 23°C in a wine prepared by 
yeasting a sterile grape fruit juice without added sulphite, said wine having an 
ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L of malic 
acid, and 450 mg/L of citric acid. 

4. The microbial organism according to claim 1, wherein the characteristic is a sur- 
vival rate which is at least 10% after two days at 23°C in a wine prepared by 
yeasting a sterile grape fruit juice without added sulphite, said wine having an 
ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L of malic 
acid, and 450 mg/L of citric acid. 
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5. The microbial organism according to claim 1 , wherein the characteristic is a sur- 
vival rate which is at least 45% after two days at 23°C in a wine prepared by 

5 yeasting a sterile grape fruit juice without added sulphite, said wine having an 

ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L of malic 
acid, and 450 mg/L of citric acid. 

6. The microbial organism according to claim 1 , wherein the characteristic is a sur- 
10 vival rate which is in the range of 70% to 100% after two days at 18°C In a wine 

prepared with 30 ppm S0 2 added before the alcoholic fermentation, said wine 
having an ethanol content of 13.8 vol%, pH 3.5, 1.3 g/L malic acid, and 340 
mg/L of citric acid. 

15 7. The microbial organism according to claim 1 , wherein the characteristic is a sur- 
vival rate which is at least 80% after two days at 17°C in a wine prepared without 
S0 2 added, said wine having an ethanol content of 13.9 vol%, pH 3.6, 1.7 g/L . 
malic acid, and 320 mg/L of citric acid. 

8. The microbial organism according to claim 1, wherein said microbial organism 
when placed in a liquid composition comprising a predetermined amount of ma- 
lic acid is capable of degrading at least 30%, such as 50%, for example 70%, 
such as 80%, at least 90%, for example at least 95% of said malic acid, 

9. The microbial organism according to claim 1 , wherein said microbial organism 
when placed in a liquid composition comprising a predetermined amount of ma- 
lic acid is capable of fermenting at least 30%, such as 50%, for example 70%, 
such as 80%, at least 90%, for example at least 95% of said malic acid to lactic 
acid. 

10. The microbial organism according to claim 1, wherein said microbial organism is 
only capable of degrading at the most 50%, such as 30%, for example 20%, 
such as 1 0% of said citric acid . 
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11. The microbial organism according to claim 1, wherein said microbial organism is 
capable of reducing malic acid within 9 days to less than 1 g/L, such as 0,5 g/L, 
for example 0,1 g/L when added directly in a frozen or freeze dried state to a 
fermented fruit juice at a concentration of CFUs in the range of 1 x 10 6 to 5 x 10 7 
per ml, wherein said fermented fruit juice is prepared by.yeasting a sterile fruit 
juice without added sulphite resulting in a fermented fruit juice having an ethanol 
content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L of malic acid, 
and 450 mg/L of citric acid. 

12. The microbial organism according to claim 1, wherein said microbial organism 
reduces the citric acid content by less than 50%, such as less than 20%, for ex- 
ample less than 10% within 10 days, when added directly in a frozen or freeze 
dried state to a fermented fruit juice at a concentration of CFUs in the range of 1 
x 10* to 5 x 10 7 per ml, wherein said fermented fruit juice is prepared by yeasting 
a sterile fruit juice without added sulphite resulting in a fermented fruit juice hav- 
ing an ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 3.3 g/L 
of malic acid, and 450 mg/L of citric acid. 

13. The microbial organism according to any of claims 11 and 12, wherein said mi- 
croorganism is incubated with said fermented fruit juice at a temperature of 
around 23°C. 

14. The microbial organism according to claim 1, wherein said organism is resistant 
to bacteriophages. 

1 5. The microbial organism according to any of the preceding claims, wherein said 
organism retains its characteristics during propagation and concentration. 

16. The microbial organism according to claim 1, wherein said organism is selected 
from the group consisting of strains deposited under the accession numbers 
DMS 15569, DMS 15570, and DSM 15571. 

17. A method of preferentially degrading malic acid over citric acid in a liquid com- 
position comprising malic acid and citric acid, said method comprising the steps 
of 
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i) Providing a liquid composition comprising malic acid and citric acid; 

ii) Providing a microbial organism according to any of claims 1 to 16, 
wherein said microbial organism has been frozen or freeze dried, 

iii) Adding said freeze dried or frozen microbial organism directly to said 
liquid composition 

iv) incubating said liquid composition and said microbial organism under 
conditions which allow degradation of at least 70% of the malic acid, 

v) thereby obtaining a final liquid composition comprising less than 30% 
of the initial malic acid and at least 20% of the initial citric acid. 

18. The method according to claim 17, wherein the liquid composition is fruit juice or 
fermented fruit juice. 

19. The method according to claim 17, wherein the liquid composition is grape juice 
or fermented grape juice. 

20. The method according to claim 17, wherein the liquid composition has a pH in 
the range of 2 to 5, such as 3 to 4. 

21. The method according to claim 17. wherein the liquid composition comprises in 
the range of 5 to 1 5 vol% ethanol, such as 10 to 14 vol% ethanol, for example at 
least 12 vol% ethanol. 

22. The method according to claim 17, wherein the liquid composition comprises 
less than 10 g/L, such as less than 7 g/L, for example less than 5 g/L sugar. 

23. The method according to claim 17, wherein the liquid composition comprises in 
the range of 1 to 10 g/L, such as 2 to 5 g/L, for example 3 to 4 g/L malic acid. 

24. The method according to claim 17, wherein the liquid composition comprises in 
the range of 50 to 2000 mg/L, such as 100 to 1000 mg/L. for example 200 to 800 
mg/L, such as 400 to 500 mg/L citric acid. 
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25. The method according to claim 17, wherein the final liquid composition com- 
prises at least 50%, such as 80% of the initial citric acid. 

26. The method according to claim 17, wherein the finial liquid composition com- 
prises less than 20%, such as less than 10%, for example less than 5% of the 
initial malic acid. 

27. The method according to claim 17, wherein the microbial organism is added at a 
concentration of less than 5 x 10 7 CFU per ml of the liquid composition. 

28. The method according to claim 17, wherein the microbial organism is added at a 
concentration of in the range of 1 x 10 6 to 5 x 10 7 CFUs per ml of the liquid com- 
position. 

29. The method according to claim 17, wherein the incubation conditions comprises 
incubation at a temperature in the range of 5 to 40°C. 

30. The method according to claim 19, wherein the fermented grape juice is se- 
lected from the group consisting of red wines, white wines and sparkling wines. 

31. A method of inducing malolactic fermentation during wine production, comprising 
the steps of 

i) Providing a grape juice or a fermented grape juice 

H) Providing a microbial organism according to any of claims 1 to 16, 

iii) Incubating said grape juice or fermented grape juice with said micro- 
bial organism under conditions which allow degradation of malic acid, 

iv) thereby inducing malolactic fermentation 

32. The method according to claim 31 , wherein said microbial organism is in a fro- 
zen or freeze-dried state. 

33. The method according to claim 32, wherein said microbial organism in a frozen 
or freeze-dried state is added directly to said grape juice or a fermented grape 
juice. 
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34. The method according to claim 31, wherein the microbial organism is added at a 
concentration of less than 5 x 1 0 7 CFU per ml of the grape juice or a fermented 
grape juice. 

35. The method according to claim 31 1 wherein the microbial organism is added at a * 
concentration of in the range of 1 x 10 B to 5 x 10 7 CFUs per ml of the grape juice 
or a fermented grape juice. 

36. The method according to claim 31, wherein the grape juice or a fermented grape 
juice has a pH in the range of 2 to 5, such as 3 to 4. 

37. The method according to claim 31 , wherein the grape juice or a fermented grape 
juice comprises in the range of 5 to 15 vol% ethanol, such as 10 to 14 vol% 
ethanol, for example at least 12 vol% ethanol. 

38. The method according to claim 31, wherein the grape juice or a fermented grape 
juice comprises less than 10 g/L, such as less than 7 g/L, for example less than 
5 g/L sugar, 

39. The method according to claim 31, wherein the grape juice or a fermented grape 
juice comprises in the range of 1 to 10 g/L, such as 2 to 5 g/L t for example 3 to 4 
g/L malic acid. 

40. The method according to claim 31 , wherein the grape juice or a fermented grape 
juice comprises in the range of 50 to 2000 mg/L, such as 100 to 1000 mg/L, for 
example 200 to 800 mg/L, such as 400 to 500 mg/L citric acid. 

41 . The method according to claim 31 , wherein the wine is selected from the group 
consisting of red wines, white wines and sparkling wines. 

42. A concentrate of microbial organisms comprising or consisting of the microbial 
organism according to any of the claims 1 to 16, wherein said concentrate has a 
content of colony forming units being in the range of 10 9 to 10 12 per g. 
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43. The concentrate according to claim 42, wherein said concentrate has been pre- 
pared by centrifugation. 

44. The concentrate according to claim 42, wherein said microbial organism has 
been propagated in an adaptation medium comprising at (east 6% sugar 

45. The concentrate according to claim 44, wherein said adaptation medium com- 
prises at least 5% glucose 

46. The concentrate according to claim 44, wherein said adaptation medium com- 
prises at least 5% fructose 

47. The concentrate according to claim 44, wherein said adaptation medium com- 
prises at least 3% glucose and at least 3% fructose 

48. The concentrate according to any of claims 44 to 47, wherein said microbial or- 
ganism has been propagated in said adaptation medium for at least 12 hours, 
such as at least 24 hours, for example around 48 hours. 

49. A method of producing a microbial organism according to any of claims 1 to 16, 
wherein said method comprises the steps of 

i) Providing a microbial organism resistant to a pH below 5 and an 
ethanol concentration of at least 8%, 

ii) Subjecting said microbial organism to mutagenesis, thereby obtaining 
more than one different mutated microbial organism 

iil) Selecting mutated microbial organisms capable of fermenting malic 
acid to lactic acid, wherein said microbial organism when placed in a 
medium containing a predetermined amount of citric acid is only ca- 
pable of degrading at the most 80% of said citric acid, and wherein 
the microbial organism has at least one of the following characteris- 
tics, when said microbial organism in a frozen or freeze dried state is 
added directly into a fermented fruit juice: 
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a) a survival rate which is at least 1 % after two days at 23°C in a 
fermented sterile fruit juice comprising at least 1 2 vol% ethanol; 

b) a survival rate which is at least 70% after two days at 17°C in a 
fermented sterile fruit juice comprising at least 13.9 vol% etha- 

5 nol 

50. The method according to claim 49, wherein said microbial organism is resistant 
to pH 3.2. 

10 51. The method according to claim 49, wherein said microbial organism is resistant 
to an ethanol concentration of 13 vol%. 

52. The method according to claim 49, wherein mutagenising comprises incubation 
in the presence of a mutagenising agent. 

15 

53. The method according to claim 52, wherein said mutagenising agent is selected 
from the group consisting of ethylmethanesulfunate, N-ethyl-N'-nitro-N- 
nitrosoguanidine, and 1-(2-hydroxyethyl)-1 -nitrosourea. 

20 54. A method of preparing a dried microbial organism capable of fermenting malic 
acid to lactic acid, which has reduced citric acid degrading activity and which is 
capable of survival after direct inoculation into fermented fruit juice, said method 
comprising the steps of 

25 i) Providing a microbial organism microbial organism according to any 

of claims 1 to 16, 

ii) Providing an adaptation medium comprising at least 6% sugar 

iii) Propagating said microbial organism in said adaptation medium un- 
der conditions allowing growth of said microbial organism 

30 iv) Harvesting said microbial organism 

v) drying said microbial organism 
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55. The method according to claim 54, wherein said adaptation medium comprises 
at least 5% glucose 
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56. The method according to claim 54, wherein said adaptation medium comprises 
at least 5% fructose 

57. The method according to claim 54, wherein said adaptation medium comprises 
5 at least 3% glucose and at least 3% fructose 

58. The method according to claim 54, wherein said microbial organism is propa- 
gated in said adaptation medium for at least 12 hours, such as at least 24 hours, 
for example around 48 hours. 

10 

59. The method according to claim 54, wherein said conditions comprises propa- 
gated at a temperature in the range of 15 to 40°C, preferably around 30°C. 

60. The method according to claim 54, wherein harvesting said microbial organism 
15 comprises centrifugation. 

61. The method according to claim 54, wherein drying is freeze-drying. 

62. An activation solution comprising 
20 i) A nitrogen source 

ii) In the range of 60 to 140 g sugar per L 

iii) In the range of 5 x 1 0 8 and 5 x 1 0 10 colony forming units per ml of a 
microbial organism capable of fermenting at least one fermentable 
compound 

25 

63. The activation solution according to claim 62, wherein said fermentable com- 
pound is malic acid. 

64. The activation solution according to claim 62, wherein said microbial organism is 
30 capable of fermenting malic acid to lactic acid. 

65. The activation solution according to claim 62, wherein said microbial organism is 
selected from the group consisting of bacteria belonging to the Oenococcus 
family and the Lactobacillus family. 

35 
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66. The activation solution according to claim 62, wherein said microbial organism is 
selected from the group consisting Oenococcus oeni and Lactobacillus plan- 
tarum. 

67. The activation solution according to claim 62, wherein the microbial organism is 
selected from the group consisting of DSM 15568, DSM 7008, DMS 15569, 
DMS 15570, and DSM 15571. 

68. The activation solution according to claim 62, wherein said microbial organism is 
selected from the group consisting of MBR Alpha, MBR Beta, MBR 31 , MBR 41 , 
MBR OSU f Inobacter (IB), OSU, ProVino, MCW, 3X, MT01, Viniflora oenos and 
Viniflora CH35. 

69. The activation solution according to claim 62, wherein the sugar is selected from 
the group consisting of fructose and glucose 

70. The activation solution according to claim 62, wherein the solution comprises in 
the range of 30 g to 100 g glucose. 

71 . The activation solution according to claim 62, wherein the solution comprises in 
the range of 30 g to 100 g fructose. 

72. The activation solution according to claim 62, wherein the solution comprises a 
chemical compound with buffering capacity. 

73. The activation solution according to claim 72, wherein the solution has a pH in 
the range of 4.0 to 6.0. 

74. The activation solution according to claim 72, wherein said chemical compound 
is selected from the group consisting of tartaric acid, malic acid, lactic acid, 
phosphate and citrate. 

75. A dry activation composition, wherein in the range of 80 to 200 g of said dry acti- 
vation composition comprises 

i) a nitrogen source 
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ii) In the range of 60 to 140 g sugar 

iii) In the range of 5 x 10 11 and 5 x 10 13 colony forming units of a micro- 
bial organism capable of fermenting a fermentable compound, 

wherein addition of 1 L water to said dry activation compositions results in an 
activation solution according to any of claims 62 to 74 

76. The composition according to claim 75, wherein in the range of 1 10 to 150 g of 
said dry activation composition comprises in the range of 80 to 1 10 g. such as 
90 to 1 10 g, for example 95 to 1 05 g sugar. 

77. The composition according to any of claims 75 to 76, wherein the sugar is se- 
lected from the group consisting of fructose and glucose 

78- The composition according to any of claims 75 to 76, wherein the composition 
comprises In the range of 30 g to 100 g, such as 40 to 80 g glucose. 

79. The composition according to any of claims 75 to 76, wherein the composition 
comprises in the range of 30 g to 100 g, such as 40 to 80 g fructose. 

80. The composition according to any of claims 75 to 76, wherein the composition 
comprises in the range 40 to 80 g glucose and in the range of 40 to 80 g fruc- 
tose. 

81. The composition according to claim 75, wherein the fermentable compound is 
malic acid. 

82. The composition according to claim 75, wherein said microbial organism when 
incubated in a liquid composition comprising a predetermined amount of malic 
acid is capable of fermenting at least 50% of said malic acid. 

83. The composition according to claim 75, wherein said microbial organism is se- 
lected from the group consisting of bacteria belonging to the Oenococcus family 
and the Lacfobac/ffus family. 
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84. The composition according to claim 75, wherein said microbial organism is se- 
lected from the group consisting Oenococcus oeni and Lactobacillus plantarum. 

85. The composition according to claim 75, wherein the microbial organism is se- 
5 lected from the group consisting of DSM 15568, DSM 7008, DMS 15569, DMS 

15570, and DSM 15571. 

86. The composition according to claim 75, wherein the microbial organism Is se- 
lected from the group consisting of MBR Alpha, MBR Beta, MBR 31 , MBR 41, 

10 "MBR OSU, Inobacter (IB), OSU, ProVino, MCW, 3X, MT01, Viniflora oenos and 

Viniflora CH35. 

87. The composition according to claim 75, wherein the microbial organism after 
activation for more than 5 hours in the activation solution has a survival rate 

1 5 which is at least 3% after two days at 23°C when inoculated into a fermented 

fruit juice having an ethanol content of at least 12.0 vol%. 

88. The composition according to claim 87, wherein activation is in the range of 8 to 
48 hours. 



20 



89. The composition according to claim 87, wherein activation is performed at a 
temperature in the range of 1 8°C to 25°C. 



90. The composition according to claim 87, wherein the survival rate is at least 3% 
25 after two days at 23°C when inoculated into a fermented fruit juice prepared by 

yeasting a sterile grape fruit juice without added sulphite, said fermented fruit 
juice having an ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar, 
3.3 g/L of malic acid, and 450 mg/L of citric acid 

30 91 . The composition according to claim 87, wherein the survival rate is at least 33% 
after two days at 23°C when inoculated into a fermented fruit juice prepared by 
yeasting a sterile grape fruit juice without added sulphite, said fermented fruit 
juice having an ethanol content of 12.0 voi%, pH 3.4, below 5 g/L residual sugar, 
3.3 g/L of malic acid, and 450 mg/L of citric acid 
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92. The composition according to daim 87, wherein the survival rate is at least 94% 
after two days at 23°C when inoculated into a fermented fruit juice prepared by 
yeasting a sterile grape fruit juice without added sulphite, said fermented fruit 
juice having an ethanol content of 12.0 vol%, pH 3.4, below 5 g/L residual sugar 
3.3 g/L of malic acid, and 450 mg/L of citric acid 

93. The composition according to claim 75, wherein the composition comprises a 
chemical compound with buffering capacity. 

94. The composition according to claim 93, wherein the chemical compound is ca- 
pable of buffering a solution to a pH in the range of 4.0 to 6.0. 

95. The composition according to claim 93, wherein said chemical compound is se- 
lected from the group consisting of tartaric acid, malic acid, lactic acid, phos- 
phate and citrate. 

96. The composition according to claim 75, wherein said composition furthermore 
comprises a salt. 



A method of inducing fermentation in a liquid composition comprising a ferment- 
able compound comprising the. steps of 

i) Providing a dry composition according to any of claims 75 to 96, 
wherein said microbial organism is capable of fermenting said fer- 
mentable compound 

ii) Adding water to said dry composition, thereby obtaining an activation 
solution 

iii) Incubating said activation solution for an activation time under activa- 
. tion conditions 

iv) Providing a liquid composition comprising said fermentable com- 
pound 

v) Inoculating said liquid composition with said activation solution 

vi) Thereby inducing fermentation In said liquid composition 
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98. The method according to claim 97, wherein the liquid composition is a fruit juice 
or a fermented fruit juice. 

99. The method according to claim 97. wherein the liquid composition is grape fruit 
juice or fermented grape fruit juice. 

100. The method according to claim 97. wherein activation time is at least 5 
hours. 

101 . The method according to claim 97. wherein the activation time is in the 
range of 8 to 48 hours. 

102. The method according to claim 97, wherein activation conditions com- 
prises incubation at.a temperature in the range of 10°C to 40°C. such as 18°C to 
25°C. 

103. The method according to claim 97. wherein the fermentable compound 
is malic acid. 
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Table 1. 



Sample name 


Cultivation 
time at 
sampling 
(hours) 


OD 600 nm 
in sample 


Sugar 

concentration 
in sample (g/1) 


Calculated 
amount sugar 
fermented 
(g/D 


A 


27 


2.0 


64.2 


44.8 


B 


35 


2.9 


42 


68 


C 


40 


3.3 


26 


84 


D 


45 


3.5 


10 


100 
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Table 2. 



Sample 
name 


% survival of inoculum j 
measured day 2 in the wine 


A 


0.4 


B 


10.2 


C 


44.0 


D 


98.0 
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Table 3. 



Sample name 


Activation 
time at 
sampling 
(hours) 


pHin 
sample 


Sugar 

concentration 
in sample 

(g/L) 


Calculated 
amount sugar 
fermented 
(g/L) 


1 


4 


4.02 


54 


46 


2 


8 


3.77 


35 


65 


3 


19 


3.62 


28 


72 


4 


46 


3.43 


15 


85 
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Table 4. 



Sample 
name 


% survival of 
inoculum mesured 
day 2 in the wine 


1 


3% 


2 


33% 


3 


94% 


4 


100% 


Freeze dried 


1% 
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